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Abstract 
Water resources management has to deal with complex real life problems under uncertain 
framework conditions. One possibility for encountering such challenges is integrated water 
resources management (IWRM). However, IWRM is often understood as prescriptive 
manual, not acknowledging the need for adaptive solutions and capacity development 
(CD). These challenges demonstrate that sustainable water resources management requires 
transdisciplinarity, i.e. the integration of several scientific disciplines, as well as the collabo-
ration between science and local actors. Transdisciplinarity is inherently related to CD since 
it facilitates collaboration and provides mutual learning and knowledge on complex interre-
lationships. This correlates with the evidence that CD can be seen as a key factor for water 
resources management (Alaerts et al. 1991, Alaerts 2009). 
Consequently, the objective of this thesis is to strengthen water resources management by 
connecting processes of IWRM and CD in a transdisciplinary sense, i.e. (i) interrelating 
disciplinary research within an interdisciplinary research team that collaborates with local 
actors, and (ii) conducting a political process for knowledge and capacity development. 
Based on general insights, an embedded case study in the Western Bug River Basin, 
Ukraine, was conducted to evaluate the concept. It is shown that CD is essential for shift-
ing from IWRM theories towards implementation and accordingly advantages of harmo-
nizing CD into the IWRM process are presented (Leidel et al. 2012). Next to capacity is-
sues, also other coordination gaps were assessed. River Basin Organisations are frequently 
proposed as a response to the administrative gap; however, coordination efforts cannot be 
simply reduced by transferring tasks from jurisdictional institutions to a river basin author-
ity, because they will always need to coordinate with organizations from within or outside 
the water sector (von Keitz and Kessler 2008). Thus, coordination mechanisms across the 
boundaries of relevant policy fields are essential.  
Therefore, a management framework is established linking technical development and ca-
pacity development that describes interrelations between environmental pressures and ca-
pacity and information gaps for different levels of water management (Leidel et al. 2014). 
The developed model-based and capacity-based IWRM framework combines model-based sys-
tems analysis and capacity analysis for developing management options that support water 
management actors. This is aligned with a political process for capacity development. It 
constitutes a boundary object for approaching cross-scale challenges that converges analyses, 
assessments and participation into one strategy. As concluded by Mollinga (2008), this can 
improve the performance of sustainable resources management by approaching transdisci-
plinarity. Within the model and capacity-based IWRM framework, the results of the inte-
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grated analysis are made explicit and transparent by introducing a matrix approach. Techni-
cal issues, institutional challenges, organizational and human resources development, and 
information needs are jointly assessed and interrelated by confronting pressures and coor-
dination gaps on a subsystem basis. Accordingly, the concept supports a transparent deci-
sion making process by identifying knowledge and capacities required for the implementa-
tion of technical intervention options and vice versa.  
The method is applied in the International Water Research Alliance Saxony (IWAS) model 
region ‘Ukraine’. It could be shown that the approach delivers management options that 
are scientifically credible and also accepted by and relevant for the actors. The case study 
revealed that technical intervention measures for the urban and rural water management 
have to be jointly implemented with appropriate CD measures and an accompanying politi-
cal process on (i) strengthening the institutional framework and interministerial collabora-
tion, (ii) fitting RBM into the existing institutional framework, (iii) setting up prerequisites 
for realistic RBM (Monitoring, information management, legal enforcement), (iv) a revision 
of effluent standards and a differentiated levy system, (v) cost covering tariffs, (vi) associa-
tion work. For the Western Bug River Basin (WBRB), the strengthening of the collabora-
tion between actors on all levels has to be continued. For increasing the usability, the ap-
proach needs to be institutionalized and become more practice relevant, e.g. by extending it 
to a water knowledge management system. Developing a roadmap for establishing trans-
boundary water management is a subsequent step.  
For strengthening future water management actors, IWRM curricula development at uni-
versities in Ukraine was supported. And we developed the e-learning module IWRM-
education that links interactively different aspects of water management to comprehend the 
complexity of IWRM (Leidel et al. 2013). The evaluation showed that participants under-
stand the content, appreciate this way of learning, and will use this module for further ac-
tivities.  
The case study showed that technical cooperation can be a facilitator for political processes 
and that it can support decision making in a transparent way. Yet, it also showed that 
IWRM is highly political process and that the developed approach cannot cover all obsta-
cles. In summary, exploring and reducing simultaneously environmental pressures and ca-
pacity and information gaps is essential for water sector evolution worldwide. Accordingly, 
transdisciplinarity as a means for capacity development can support the implementation of 
real integrated water resources management.  
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Kurzfassung 
Wasserbewirtschaftung beschäftigt sich mit komplexen Problemen unter unsicheren Rah-
menbedingungen. Eine Möglichkeit, diesen Herausforderungen zu begegnen ist integriertes 
Wasserressourcenmanagement (IWRM). Jedoch wird IWRM oft als Handlungsanweisung 
missverstanden, ohne zu berücksichtigen, dass adaptive Lösungen und Kapazitätsentwick-
lung (KE) notwendig sind.  Diese Herausforderungen zeigen, dass Transdisziplinarität 
wichtig ist für IWRM, d.h. sowohl die Integration von verschiedenen wissenschaftlichen 
Disziplinen, als auch die Zusammenarbeit mit lokalen Akteuren. Transdisziplinarität ist 
inhärent mit Kapazitätsentwicklung verbunden, da es Zusammenarbeit fördert, und gegen-
seitiges Lernen über komplexe Zusammenhänge vorsieht. Das korreliert stark mit den Er-
kenntnissen von Alaerts et al. (1991) und Alaerts 2009, dass KE ein Schlüsselfaktor für die 
Wasserbewirtschaftung darstellt. 
Die Zielsetzung dieser Dissertation ist daher IWRM Prozesse und KE auf transdisziplinäre 
Art und Weise zu kombinieren: disziplinäre Forschung innerhalb eines interdisziplinären 
Teams, welches mit lokalen Akteuren zusammenarbeitet, und der gleichzeitigen Durchfüh-
rung eines Prozesses zur Wissens- und Kapazitätsentwicklung. 
Es konnte gezeigt werden, das KE ein entscheidender Faktor ist für die Implementierung 
von IWRM und es somit wichtig ist, IWRM Prozesse und Prozesse der KE zu harmonisie-
ren (Leidel et al. 2012). Es wurden auch weitere Koordinierungsprobleme berücksichtigt. 
So werden Flussgebietsorganisationen oft als Antwort gesehen zu dem Problem dass 
Flussgebiete und Verwaltungsgrenzen oft nicht übereinstimmen. Jedoch kann der Koordi-
nierungsaufwand nicht einfach dadurch verringert werden, das Aufgaben auf eine Flussge-
bietsorganisation übertragen werden, denn Koordinierung innerhalb und außerhalb des 
Wassersektors wird immer notwendig sein (von Keitz und Kessler 2008). Daher sind 
Koordinierungsmechanismen zwischen Politikfeldern notwendig.  
Hierfür wurde ein Managementrahmen etabliert, der technische Entwicklung und KE ver-
bindet um die Wechselbeziehungen zwischen Umweltbelastungen und Kapazitäts- und 
Informationsdiskrepanzen zu beschreiben (Leidel et al. 2014). Der entwickelte Ansatz 
kombiniert modellbasierte Systemanalyse und Kapazitätsanalyse mit einem politischen Pro-
zess zur Kapazitätsentwicklung. Dieser Ansatz stellt ein sogenanntes boundary object dar, 
welches Analyse, Bewertung und Partizipation in einer Strategie verbindet. Das kann nach-
haltiges Ressourcenmanagement verbessern durch die Annäherung an Transdisziplinarität. 
(Mollinga 2008). Innerhalb des entwickelten IWRM Rahmens werden die Ergebnisse der 
integrierten Analyse eindeutig mit Hilfe eines Matrixansatzes dargestellt. Technische As-
pekte, institutionelle Herausforderungen, Organisations- und Personalentwicklung und 
vi 
 
Informationsdefizite werden gemeinsam bewertet und zueinander in Beziehung gebracht 
durch die Gegenüberstellung von Belastungen und Koordinierungsdefiziten auf Basis von 
Subsystemen. Daher unterstützt das Konzept eine transparente Entscheidungsfindung 
durch die Identifikation von notwendigen Kapazitäten für die Implementierung von tech-
nischen Lösungen und umgekehrt. 
Die Methodik wurde in der Modellregion Ukraine der Internationalen Wasserforschungsal-
lianz Sachsen (IWAS) angewendet. Die Fallstudie zeigte, das technische Lösungen für die 
urbane und ländliche Wasserbewirtschaftung gemeinsam implementiert werden müssen mit 
Maßnahmen zur KE und einem begleitenden politischen Prozess für: (i) Stärkung der 
interministeriellen Zusammenarbeit, (ii) Flussgebietsmanagement (FGM) in den institutio-
nellen Rahmen integrieren, (iii) Voraussetzungen schaffen für realistisches FGM (z.B. 
Monitoring), (iv) Revision der Abwassernormen und ein differenziertes Abgabensystem, (v) 
kostendeckende Tarife, und (iv) Verbandsarbeit. Für das Einzugsgebiet des Westlichen 
Bugs sollte die Stärkung der Zusammenarbeit aller Akteure fortgesetzt werden. Um die 
Nutzbarkeit zu verbessern, muss der Ansatz institutionalisiert und relevanter für die Praxis 
werden, z.B. durch die Erweiterung zu einem Wasserwissensmanagementsystem. Die Etab-
lierung von grenzüberschreitendem Wasserressourcenmanagement ist ein weiterer nötiger 
Schritt. 
Um zukünftige Akteure der Wasserwirtschaft zu unterstützen, wurde die Integration von 
IWRM in Lehrpläne von ukrainischen Universitäten unterstützt. Darüber hinaus wurde zur 
Unterstützung der Implementierung von IWRM das e-learning Modul IWRM-education 
entwickelt, welches verschiedene Aspekte der Wasserbewirtschaftung interaktive verbindet 
(Leidel et al. 2013). Die Evaluierung zeigte, dass die Teilnehmer den Inhalt verstehen, diese 
Art des Lernens schätzen, und dieses Modul für zukünftige Aufgaben nutzen werden.  
Die Fallstudie zeigte, dass technische Kooperation ein Vermittler sein kann für politische 
Prozesse und das es Entscheidungsfindung transparent unterstützen kann. Sie zeigte aber 
auch, das IWRM vor allem ein politischer Prozess ist, und das der entwickelte Ansatz nicht 
alle Probleme lösen kann. Insgesamt kann gesagt werden, dass die gleichzeitige Analyse 
und Reduktion von Umweltbelastungen und Kapazitäts- und Informationsdefiziten essen-
tiell ist für die Entwicklung des Wassersektors. Dementsprechend  kann Transdisziplinari-
tät als Instrument für Kapazitätsentwicklung die Implementierung von realem integriertem 
Wasserressourcenmanagement unterstützen. 
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1 Problem scope 
Water is central to human well-being as well as central for a sustainable world. Already the 
Greek philosopher Thales of Miletus considered “water as the principle of all things”. That 
means that human activities depend on the natural resource water and do have an influence 
on its quantity and quality and thus also on the proper functioning of ecosystems. Provid-
ing water in sufficient quantity and quality is thus essential for society and ecosystems. Wa-
ter has to be managed therefore, and has been managed throughout history. As an example, 
already from 1000 BC onwards, so called qanats have been constructed in Middle East and 
Northern Africa, which are underground delivery systems for water (Chech 2010). Without 
much doubt, knowledge and capacities can be considered as essential factors already for the 
proper construction and management of this ancient water supply system. Current water 
resources management problems can be subsumed in terms of water quantity, water qual-
ity, drinking water and sanitation with its challenges to global change including climate and 
demographic development. The present and even increasing complexity of water resources 
management demands advanced knowledge and capacities. A considerable part of the cur-
rent water resources management issues is related to governance and capacity challenges 
like the legislative system, effective institutions, organisational development, human re-
sources development, and incentives. 
1.1 Water quantity  
Water quantity problems are related to a change in demand and/or supply. Water demand, 
i.e. consumption, for example for irrigation, has increased more than twice as fast as popu-
lation growth (FAO 2012). And the supply of water resources decreases, because of an 
increase in contamination, as well as climate and land use changes. The intensification and 
acceleration of the future water cycle due to climate change will affect water availability and 
demand (IPCC 2007, 2014; EEA 2007). Vörösmarty et al. (2000) showed that the climate 
change impact on the relative change in demand per discharge leads to drier conditions 
particularly in poorer countries. Yet, Vörösmarty et al. (2000) also displayed that the popu-
lation growth impact is more important than climate change impacts in terms of water de-
mand. In terms of water quantity, hydrological extremes have to be mentioned as well, i.e. 
droughts and floods. Climate change is expected to increase intensity and frequency of 
floods and droughts, yet extremes are still characterized with large uncertainties (IPCC 
2014). 
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1.2 Water quality 
Water quality issues refer to the degradation of water resources, especially water bodies like 
rivers, lakes and groundwater. Pollution can be mainly ascribed to sewage, industry, mining, 
agricultural and urban runoff, and atmospheric deposition, with significant impacts on the 
environment and drinking water quality (point and nonpoint source pollution). It is a con-
siderable challenge in water resources management, since every day, 2 million tons of sew-
age and waste are discharged into the world’s water (UN WWAP 2003). Pollutants can be a 
surplus of nutrients (mainly NO3-N, NH4-N and PO4-P) potentially leading to eutrophi-
cation, fish kill and human health threats, microorganisms (e.g. cyanobacteria, fecal bacte-
ria), inorganic chemicals including heavy metals and fertilizers, and organic chemicals in-
cluding pesticides, herbicides and insecticides. To this group belong also persistent organic 
pollutants (POPs) like, Dichlorodiphenyltrichloroethane (DDT), Polychlorinated biphenyls 
(PCBs) or Dioxin1. The EU-Water Framework Directive (WFD), for instance, mentions 
(priority) hazardous substances. Hazardous substances are accordingly defined as “sub-
stances or a group of substances that are toxic, persistent and liable to bio-accumulate; and 
other substances...which give rise to an equivalent level of concern” (EU-WFD, Article 2). 
1.3 Drinking water 
Drinking water problems refer to the access of people to safe, reliable and sufficient drink-
ing water, thus on the quality and quantity of drinking water. The Millennium Develop-
ment Goals (MDGs) target on drinking water has been met, and 91% of world population 
use improved drinking water sources, i.e. that 2.6 billion people got access to improved 
drinking water since 1990 (UNICEF/WHO 2015). Yet, 663 million people are still without 
access, and hot spot regions as Sub-Saharan Africa will remain critical in this respect, as 
well as rural areas in general, where 8 out of 10 people without improved access live (UNI-
CEF/WHO 2015). 
1.4 Sanitation 
Sanitation problems refer to safe removal of wastewater and hygienic conditions of human 
sanitation facilities. The lack of adequate sanitation contaminates water bodies worldwide 
and is one of the most significant forms of water pollution (WWDR 3). 2.1 billion people 
got access to sanitation since 1990; yet, the sanitation target of the MDGs was not met, 
since 68% instead of 77% of world population use improved sanitation facilities (UNI-
CEF/WHO 2015). 2.4 billion people still lack improved sanitation facilities, in particular in 
                                        
1 The Stockholm Convention on Persistent Organic Pollutants from 2001 acknowledged the adverse effects 
on health and environment from twelve POPs, which became known as “the dirty dozen”. 
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the least developed countries, and rural population is again more challenged, since seven 
out of ten people without improved sanitation facilities, and nine out of ten people doing 
open defecation live in rural areas (UNICEF/WHO 2015).  
1.5 Climate variability and climate change 
One of the most important drivers of changing conditions is climate variability and climate 
change with impacts on various levels and sectors like agriculture, hydropower, ecology, 
water resources management (cf. IPCC assessment reports [AR] 2007, 2014). Climate is 
defined as the average of weather events within a particular time period (e.g. decade) and 
climate variability is accordingly the change in the average between two observed time peri-
ods (Neelin 2011). Examples for this natural variability are ice ages and interglacial periods, 
e.g. due to volcanism, solar activity, or the El Nino/Southern Oscillation (ENSO). Climate 
change refers according to Neelin (2011) to human induced climate change, i.e. greenhouse 
gases (CO2, CH4, Halocarbons, N20), and short lived gases (CO, NOx) are emitted by an-
thropogenic activities. Anthropogenic effects on aerosols2 and albedo change due to land 
use are also included (cf. IPCC 2013). The net balance of all radiative forcing compounds is 
positive, i.e. it leads to a heating up of the lower atmosphere (positive radiative forcing 
(W/m²); IPCC AR4 2007). The increase in the atmospheric CO2 concentration since the 
year 1750 is the largest contribution to total radiative forcing (IPCC 2013)3. Observed 
changes in the climate system show that the globally averaged surface temperature has 
warmed with 0.85°K4 over the period from 1880 to 2012 (IPCC 2013). And the surface 
temperature change from the year 1901 to 2012 shows regional trends indicating that al-
most the complete world has experienced surface warming (Ibid.). 
1.6 Impacts of climate variability and climate change on water resources 
Impacts of climate change on the climatic water balance and the acceleration of the hydro-
logical cycle are evident (cf. IPCC AR4 2007; Bernhofer et al. 2011; IPCC AR5 2014; Pav-
lik et al. 2014). Changes in temperature (T) and precipitation (P) result in a changing cli-
matic water balance (CWB = P – ETP), so that e.g. an increasing evapotranspiration (ET) 
due to rising T would lead to effects like reduced discharge within the catchment and con-
                                        
2 Short lived gases contribute to the radiative forcing with carbon monoxide emissions having a positive 
radiative forcing and nitrogen oxides are likely to have a negative radiative forcing (IPCC 2013). Most aero-
sols have a negative forcing (e.g. sulphate aerosols), whereas black carbon aerosols contribute to a heating of 
the atmosphere. 
3 The net radiative forcing of aerosols, which includes cloud adjustments due to aerosols, is negative, and 
contributed essentially in offsetting the positive forcing effect from greenhouse gases (IPCC 2013). Yet, they 
also have the highest uncertainty interval of all radiative forcing components. Albedo change due to land use 
also shows a negative radiative forcing (IPCC 2013).   
4 The 90% uncertainty interval is [0.65 to 1.06] °C, i.e. 90% likelihood of covering the value that is being 
estimated (IPCC 2013). 
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sequently increased pollutant concentrations. Changes in the CWB impacts directly on the 
soil water storage and the recharge of aquifers or indirectly via a potential change of vegeta-
tion in the recharge area, which alters ET and consequently also aquifer recharge.  
Additionally, extreme weather and climate events have changed in the last six decades 
(IPCC AR5 2014): Heat waves increased in some regions (e.g. Europe and Asia), and heavy 
precipitation events increased in more regions than decreased. With medium confidence, 
the fifth AR (IPCC 2014) states that increasing trends in extreme precipitation imply also a 
greater flood risk at regional scale. And the projected changes for 2081–2100 show that it is 
very likely that a higher frequency and longer duration of heat waves will occur (Ibid.). 
Moreover, the AR5 (IPCC 2014) reason that mean precipitation will likely decrease in many 
mid-latitude and subtropical dry regions, which will potentially increase the risk of 
droughts. The projected changes further show that the amount of heavy precipitation 
events is likely to become more intense and more frequent in a number of regions (e.g. 
mid-latitude regions), leading potentially to more floods (IPCC AR5 2014). This is also 
related to changing seasonality, i.e. a change in inter-annual variability of precipitation. In a 
case study in Western Ukraine, Pavlik et al. (2012; 2014) collected evidence that there will 
be a significant change in the precipitation distribution with drier summers and wetter win-
ters. 
The IPCC AR5 (2014) is medium confident that altered hydrological systems affect water 
resources in terms of quantity and quality. Accordingly, climate change and variability also 
have impacts on the urban water management, since storm events potentially lead to surcharge 
of sewers or the flood damage of wastewater treatment plants, so that mid and long-term 
infrastructure planning (e.g. wastewater treatment plants up to 30 yrs; reservoirs up to 100 
yrs.) depends on reliable statements on future climatic conditions. Also combined sewer 
overflow pollution can be aggravated, since the infrastructure is often not designed for 
increased discharges. An increased frequency of storm events could also increase erosion 
and accordingly the sedimentation (and accompanying turbidity) in rivers, lakes or reser-
voirs could be compounded. In the latter case, a loss of reservoir storage is possibly con-
flicting with flood protection functions of the reservoir, as well potentially leading to in-
creased water temperatures and thus higher evaporation and eutrophication. 
Yet, also the duration of dry-weather conditions has impacts on urban water management, 
e.g. the reduced runoff into surface waters (quantity), which will also affect the quality by a 
reduced dilution as well as ecological problems (minimum ecological in-stream flow). The 
urban water demand also can increase due to dry spells and thus potentially leading to re-
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duced groundwater levels for satisfying the water demand. In addition, drier conditions can 
reduce reservoir levels and thus raw water quality is impacted and the water quantity may 
not be sufficient for fulfilling all functions of the reservoir. According to the IPCC (2014), 
there is robust evidence that renewable surface water and groundwater resources in most 
dry subtropical regions will be reduced in future. And with a very high confidence, the 
IPCC (2014) states that the risks in urban areas will increase (e.g. heat stress, storms and 
extreme precipitation, inland and coastal flooding, landslides, air pollution, drought, water 
scarcity, sea level rise and storm surges. In rural areas it is projected that essential problems 
on water availability and supply, and thus food security will occur (high confidence). 
Rising temperatures will lead to a higher potential evapotranspiration and thus an increased 
water demand of vegetation. This is also essential for the agriculture as the biggest water 
consumer with 70% on a worldwide basis. The water demand is potentially increasing in 
the agriculture because of more irrigated area, higher evapotranspiration, and an extended 
growing season due to warmer temperature and drier conditions. In addition, the IPCC AR 
5 (2014) mentions with high confidence that projected climate change leads to negative 
impacts of climate change outweighing positive impacts in terms of crop yields. It will also 
challenge fisheries productivity due to global marine species redistribution and species loss, 
thus climate change is projected to undermine food security (IPCC AR 5 2014). 
Several bacterial, viral and parasitic diseases are water borne diseases (e.g. Schistosomaisis, 
Giardiasis) impacting human health.  They can potentially be aggravated by increased fre-
quency of heavy rainfall events with resulting floods amplifying the risk of infection, which 
is encountered mainly in developing countries (Hunter 2003). And more favourable condi-
tions (warmer climate) could also spread vector-borne diseases like malaria (Ibid.). 
From an ecological point of view, climate change impacts directly terrestrial, freshwater and 
marine species that shifted inter alia their geographic ranges, seasonal activities, and migra-
tion in response to ongoing climate change as reported by IPCC (2014) with high confi-
dence. There is a high confidence that manifold species face increased extinction risk in 
future and that many ecosystems (e.g. coral reefs) are highly vulnerable. A further indirect 
effect could be that reduced precipitation will not be enough to sustain the minimum eco-
logical in-stream flow thus potentially leading to a different species composition. Addi-
tional ecological impact is due to the warming of rivers and lakes, i.e. a rising water tem-
perature leads to higher evaporation and potentially to increased eutrophication and cyano-
bacterial blooms. 
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Last but not least, water resources management in coastal regions has to deal with storm 
surges that have increased since 1970, mainly as a result of rising mean sea level (IPCC 
AR5 2014). Moreover, there is the potential danger of saltwater intrusion into aquifers due 
to sea-level rise.  
The IPCC AR 5 (2014) mentions with a very high confidence that the impacts from recent 
climate-related extremes (e.g. heat waves, droughts and floods) reveal significant vulnerabil-
ity and exposure of some ecosystems and many human systems to current climate variabil-
ity. By outlining these manifold potential impacts of climate change on water resources 
management, and by recognizing that competition for water among sectors may intensify 
(limited evidence, medium agreement; IPCC 2014), it becomes clear that collaboration and 
coordination in water resources management and adjacent sectors like agriculture is deci-
sive for mitigation and adaptation of climate change risks. 
1.7 Global change and uncertainties 
In a nutshell, Vörösmarty et al. (2010) showed that for more than 80 % of the world´s 
population water security is endangered, and that within more than 60 % of the water bod-
ies the aquatic biodiversity is endangered. The situation is however becoming worse under 
the conditions of the ongoing and future global change. It influences water management on 
the local, regional and national scale and vice versa. Global change includes inter alia cli-
mate change/ variability, land use change, loss of biodiversity, economic changes (growth, 
globalisation), population growth and movement (urbanization), as well as geo-political 
changes (Steffen et al. 2004). It is expected that human population grows from six millions 
in 1999 to nine billion before the year 2050, whereas this rapid growth is regionally differ-
ent with exponential growth mainly in developing countries and a slow or even negative 
growth rate in many developed countries (Snider and Brimlow 2013). And more than half 
of the world’s population (54%) is living in urban areas today and another 2.5 billion are 
according to UN-DESA (2014) expected by 2050 (66%). Thus, sustainable urban planning 
as well as integrated urban water management is needed. Urbanisation does have advan-
tages, e.g. a centralized wastewater treatment for an urban area is normally more efficient 
than for a dispersed rural population, aside from decentralised wastewater treatment solu-
tions.   
Such current and future challenges lead to continuously changing conditions, so that the 
complexity of water resources management is even more aggravated by uncertainties about 
the future water resources and its management. Hereby, it is differentiated between alea-
toric uncertainties, i.e. (statistical) uncertainties that are inherent within complex and non-
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linear systems like water resources management within the man-environment system (cf. 
Schanze and Daschkeit 2013). Yet, there are also epistemic uncertainties that are due to a 
limited understanding of the behaviour of the system, which can be reduced by research 
(improving model-based approaches or enhancing data basis) or statistical processing (cf. 
Hense et al. 2010, Schanze and Daschkeit 2013). 
1.8 Implementation of sustainable water resources management 
Despite significant scientific achievements especially in terms of systems understanding, 
considerable need for action still exists in understanding responses of the water system to 
change and its interactions with governance and capacity aspects (e.g. OECD 2012). The 
latter point clearly shows that there is an urgent need for action in terms of operationaliza-
tion of sustainable water resources management. Reasons for the fact that the practical 
implementation often does not meet expectations are manifold. Most importantly, water 
resources management is still fragmented in many parts of the world, following a sectoral 
approach that displays low cooperation and coordination with other policy areas within and 
across the water sector. It has to be acknowledged that water resources management need 
to consider people, as well as equity between different water uses (Agriculture, industry, 
and domestic use). For instance the interactions (nexus) between water, energy and food 
security need more consideration (Hoff 2011).  
This includes that the different values of water (economic, environmental, cultural, and 
social) are accounted for within decision making processes. Furthermore, water related 
hazards like floods and droughts need to be considered within water management, i.e. that 
water management has to be aligned for instance with flood risk management. Actually, 
UN/ISDR has mentioned already in 2005 that it is necessary to integrate disaster risk con-
siderations into sustainable development. In fact, impacts of global change and in particular 
the population growth/ urbanisation and the changing climate will lead to emerging chal-
lenges, that call for integrated approaches, e.g. integrated water resources management 
(IWRM), adaptive water management or integrated urban water management. Yet, in order 
to be successful, such approaches need to address the interactions between multiple levels 
and scales, respectively dimensions that exist within water management (Cash et al. 2006, 
Moss and Newig 2010; Gupta and Pahl-Wostl 2013). Manifold cross scale challenges, i.e. 
boundaries, exist for example between science and policy or between academic disciplines 
(cf. Mollinga 2010). Accordingly, interdisciplinarity is needed so that natural and engineer-
ing scientific factors have the same importance as socioeconomic ones. Additionally, fur-
ther social actor groups must be integrated from the very beginning into the water man-
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agement (transdisciplinarity). Cross-level challenges exist as well, for instance global policy 
agreements have to be adapted to national, regional and local characteristics and vice versa. 
Such challenges are aggravated if the management level is a transboundary river basin, 
where water has to be shared between states or countries. 
However, even if all these points are addressed, positive incentives are needed for the im-
plementing actors (organisations, humans), or at least negative incentives have to be absent, 
for implementation of actions (Alaerts 2009). Ostrom et al. (2001) discovered that collec-
tive-action problems are a major impediment for sustainable development and that appro-
priate incentives of actors are needed for developing sustainable solutions. Based on the 
comprehensive study of Ostrom et al. (2001) it can be concluded that their results are also 
applicable for implementing sustainable water resources management. 
1.9 Governance, knowledge, incentives  and capacities 
The integration of multiple actors, tasks and sectors extends also the scope and the com-
plexity of the system, raising additional challenges for planners, managers and decision 
makers (Leidel et al. 2014). In addition, coordination gaps exist such as inadequate govern-
ance structures, lacking capacities and insufficient knowledge that are needed for solving 
management tasks (OECD 2012). Furthermore, low motivation and/ or information 
asymmetry or missing of information may lead to incentives of actors of not solving a col-
lective-action situation (Ostrom et al. 2001). Therefore, appropriate incentives are needed, 
as well as the reduction of information asymmetries. The latter shows that the access to 
necessary information and knowledge for all relevant actors and especially for the admini-
stration is decisive for a sound water resources management (WWAP 2012). Thus, infor-
mation systems as well as decision support systems are needed that are adapted to the 
needs of the actors in order to make informed decisions. Since water resources manage-
ment is complex and will become even more complex due to the above mentioned chal-
lenges, capacity development on the individual as well as organisational level is necessary 
(Alaerts 2009). A promising item for supporting capacity development is the application of 
information and communication technology (ICT) and accordingly the setup of learning manage-
ment systems. For the governance deficits, also capacity development on the systemic level 
(enabling environment) has to be done (Alaerts 2009). Next to that, it is essential to set up 
and implement a context specific coordination mechanism between the different tasks and 
actors of water resources management for facilitating integration.  
In summary, water management can be considered as a collective action situation and thus 
as a societal task that needs to integrate scientific, technical, social, economic and environ-
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mental aspects in order to sustain water for livelihoods and ecosystems. Appropriate gov-
ernance structures, incentives, knowledge and capacities are needed for action. Approaches 
like IWRM or adaptive water management partly attempt to address such challenges. How-
ever, transdisciplinarity within water resources management, which could enhance actors’ 
incentives and capacities and thus improve the sustainability of water resources manage-
ment, is still in its infancy.   
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2 Research questions and hypotheses 
1. How can the implementation of sustainable water management be supported? Is it 
possible to align IWRM with Capacity Development? 
Hypothesis: In order to be sustainable, a transdisciplinary approach is needed that 
aligns Integrated Water Resources Management (IWRM) with Capacity Develop-
ment. 
2. How to improve the transdisciplinary collaboration (Science-Policy-Interface)? 
How can the interlinkage between environmental pressures and capacity issues be 
improved? How can this interaction be made transparent and applicable for actors? 
How to close information and capacity gaps? 
Hypothesis: The implementation of IWRM needs a coordination mechanism be-
tween different actors, which addresses scientific work, capacity issues as well as the 
political process. Such a framework can support the cohesion between different or-
ganisations as for instance within a river basin. It improves the transparency and 
applicability and eventually constitutes the basis for closing information and capac-
ity gaps. 
3. What are the major challenges related to water resources management in the West-
ern Bug River Basin and why are they not tackled? How is water management de-
fined and conducted? How can the interaction between environmental pressures 
and capacity issues be assessed and how can the situation gradually be improved? 
Hypothesis: Water management related problems are manifold in the Western Bug 
River Basin, ranging from environmental and socio-economic pressures to coordi-
nation gaps within a difficult political situation (transition country). Aligning IWRM 
and CD within a concept that integrates scientific analysis, frameworks for science-
policy interface and a political process can support understanding the complexity of 
the problem and can initiate a change process. The collaboration of all relevant ac-
tors is needed for a sustainable management in the region. 
4. How can information and communication technology (ICT) and e-learning be util-
ized to support the implementation process of IWRM? 
Hypothesis: E-learning activities can support the implementation process of IWRM 
by improving individual and social learning, especially within a blended learning ap-
proach. ICT and e-learning can support the collaboration and coordination be-
tween actors. 
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The hierarchy of my research activities can be summarized in the following figure with 
slightly shortened research questions and hypotheses. 
Figure 1: Hierarchy of research activities within the dissertation 
 
 
25 Conceptual framework 
 
 
3 Conceptual framework 
3.1 Sustainable water resources management 
Before elaborating on sustainable water resources management, it is necessary to define the 
term water resources management and related terms in order to avoid misunderstandings. 
3.1.1 Water resources  
 From a hydrological perspective, water resources are commonly defined as all occurrences 
of water within the hydrological cycle in liquid, solid, and gaseous states. It is divided into 
sea water, fossil groundwater, ice, active groundwater, lakes, soil moisture, atmosphere and 
rivers (Krebs 2012).This implies already that spatial and temporal scales are important fac-
tors for water resources. Derived from the water budget equation, water resources arebased 
on precipitation P as input equals the net storage change ΔSw, runoff R and evapotranspira-
tion E. For managing water resources, it is reasonable to differentiate between blue water 
Source: Falkenmark and Rockström (2006) 
 
Figure 2: Green-blue approach to water resources management 
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and green water resources (Falkenmark and Rockström 2006; Figure 2): blue water is pre-
cipitation that flows into surface water (lakes, swamps, rivers,) and groundwater. Green 
water is precipitation that is either percolating into the unsaturated zone (soil moisture) and 
transpired by vegetation, or intercepted by the vegetation/ land cover and evaporated 
(evapotranspiration). Despite the fact that only 38 % of precipitation becomes blue water 
(Krebs 2012), traditional water resources management focuses on this part of the water 
resources (cf. Falkenmark and Rockström 2006; Figure 3). This indicates a huge potential 
for the management of green water resources in agriculture. Rockström (2003), for exam-
ple, showed possibilities of minimizing non-productive evaporation by shifting it to pro-
ductive transpiration through measures like intercropping, mulching or windbreaks. 
Within water resources management, it is often differentiated between renewable and non-
renewable water resources. According to the definition of the FAO (2003), “renewable 
water resources represent the long-term average annual flow of rivers (surface water) and 
groundwater, and non-renewable water resources are groundwater bodies (deep aquifers) 
that have a negligible rate of recharge on the human time-scale”. Actually, green water is 
also a renewable water resource. However, from water resources management perspective, 
only blue water is considered as renewable natural water resources that potentially or theoreti-
cally can be used and managed (FAO 2003; Figure 3). Since water resources are often 
shared by several administrative units like districts or countries, next to hydrological 
boundaries (e.g. river basins), administrative boundaries need to be considered for water 
resources management (transboundary water management; q.v. chapter 3.1.4 on the prob-
lem of fit). In this case, natural water resources are further divided into internal natural water 
resources, i.e. precipitation within this administrative unit leading to blue water and external 
natural water resources, i.e. water resources that would naturally flow from an upstream admin-
istrative unit through rivers or aquifers (FAO 2003). Actual water resources take into account 
the resources that are shared for example with neighbouring countries (geopolitical con-
straints), e.g. through treaties on upstream water abstraction or a guaranteed minimum 
water flow to downstream riparian states (Ibid.). Here, it is distinguished between internal 
actual water resources, i.e. no constraints on use and external actual water resources, i.e. 
water resources that consider water reservation for neighbouring countries (Ibid.). Fur-
thermore, water resources have to be distinguished whether they can be exploitable or man-
ageable according to physical, socio-economic and environmental criteria (Ibid.). However, 
water resources can not only be defined according to flows and storage (water quantity), 
but also according to the water quality or a combination of both. That means that the con-
stituents of water, its concentrations, respectively the loads (concentration of pollutants/ 
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matter times water flow volume) have to be taken into account. Moreover, it has to be 
taken into account the reuse of water resources, for instance the reuse of wastewater for 
agricultural purposes. Figure 3 summarizes water resources concepts with focus on hydro-
logical perspective and on water resources management perspective and its interactions. 
Figure 3: Water resources concepts 
 
Source: Based on definitions of FAO (2003)  
It is evident from these explanations that there is a clear link to other natural resources, as 
well as to the socio-economic system and institutional, respectively political system. 
3.1.2 Complexity of natural resources management system 
Complexity is inherent to the system of natural resources management. Mollinga (2010) 
distinguishes between ontological, analytical and societal complexity. First of all, there is 
the ontological complexity, i.e. the system comprises a broad range of interrelated compo-
nents depending on the existing issue. The natural resources like water, air, soil, vegetation 
with underlying physical and chemical characteristics, as well as human, ecological, socio-
economic, political, organisational, infrastructural and technical components just to men-
tion a few. Processes between those components can be linear and nonlinear and additional 
properties can emerge by interaction between different components of the system (qv. sys-
tems thinking). Related to the ontological complexity, is the analytical complexity, i.e. that 
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not all processes and feedbacks within the system are known, so that the systems are diffi-
cult to understand from a scientific point of view (epistemic uncertainties). For reducing 
ontological and analytical complexities, interdisciplinary approaches are viable (chapter 4.2). 
Another type is the societal complexity, i.e. that manifold actor groups with varying and 
often conflicting perceptions and interests exist within natural resources management. In-
tegrating societal complexities means that transdisciplinary approaches are needed (chapter 
4.2). Consequently, conducting natural resources management successfully means to deal 
with all three types of complexity and thus applying transdisciplinary management. This 
includes according to Mollinga (2010) professional boundary management, i.e. to work on 
crossing the manifold boundaries within society, e.g. between science and policy or be-
tween scientific disciplines.  
3.1.3 Systems thinking 
Since this thesis is about water resources systems, it is worthwhile to discuss main features of 
systems thinking. The basic idea of systems thinking is that “the whole is greater than its 
parts”, i.e. that emergence and interrelatedness are the essential characteristics (Floods 
2006). An emergent property of a phenomenon developed from several interrelated items 
cannot be explained only by the interrelated items themselves. An overview of different 
traditions within systems thinking is provided by Floods (2006) and Ison (2008), whereas 
for the purpose of my work it is particularly important to focus on the differentiation be-
tween hard systems thinking and soft systems thinking as defined by Checkland (1983 in 
Checkland 2000). 
At the onset of systems theory, only hard systems thinking was recognized, i.e. a systems 
engineering approach with systems analysis and the potential use of qualitative and quanti-
tative real world models for that, as for instance regional climate models or modelling nu-
trient emissions into rivers (technical world view). One of the first approaches of hard sys-
tems thinking in the context of environmental sciences was the famous work of Meadows 
et al. (1972) on the limits to growth prepared for the Club of Rome with the integrated global 
model named World3. Applying hard systems thinking for analysing natural and technical 
processes for reaching a defined objective is proven to be successful and reasonable; how-
ever, transferring this approach to complex human situations, where the system and the 
objectives are not easily definable e.g. the management of natural resources, is inappropri-
ate (Checkland 2000). Rittel and Webber (1973) differentiate thus between “tame” prob-
lems and “wicked” problems, whereas the first means that problems do not change during 
the process and are agreed upon before the analysis starts, meaning that they can be solved 
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by scientific approaches alone. Planning or policy problems are “wicked” problems, which 
are per se ill-defined problems i.e. that it is even difficult to agree on what the problem is. 
They cannot be solved by science and engineering alone, but in fact social problems can 
only be resolved (Rittel and Webber 1973). Poverty is provided by Rittel and Webber 
(1973) as a striking example for a wicked problem: What causes poverty? Low income- yes, 
partly. But what causes low income? Is it a problem of the regional economies, or a prob-
lem of skills and expertise? If the latter- is it a problem of the educational system or of per-
sonal motivation? Rittel and Webber (1973) therefore conclude that finding the problem 
and finding the solution is the same thing for “wicked problems”. 
Thus, soft systems thinking emerged that shifts from engineering approaches to a focus on 
multi-perspectives for instance political, legal or economic perspectives, i.e. modelling of 
how the world is viewed (Checkland 2000). Furthermore, soft systems thinking assumes 
that purposeful action of humans prevail in all complex situations, and that it is more about 
an inquiring and a learning process and about a problem situation instead of only seeing the 
problem, which requires solutions (Ibid.). Soft systems thinking is therefore a learning cycle 
between theory and practice with no permanent solution, so that it resembles the capacity 
development cycle, adaptive management cycle, or more generally the action research cycle 
(qv. chapter, 3.1.17, 3.2.4.3, 4.1). 
In summary, Checkland (2000) mentions that within hard systems thinking, the world is 
perceived as systemic, i.e. that only those systems are recognized that can be engineered. 
Within soft systems thinking, he further argues that the world is perceived as a complex 
and confusing one, but it can be explored as a learning system, i.e. the process of inquiry is 
systemic (Figure 4). Yet, it has to be re-emphasised that systems engineering is a valid con-
cept, if systems and objectives are defined, “tame” problems prevail and thus a systems 
optimisation is needed. Or as Checkland (2000) states that systems engineering is a specific 
case of the general soft systems methodology, which is relevant if the question is on how to 
do it, and not on what to do.  
However, within (water) resources management “wicked” problem exists with frequently 
having “tame” problems integrated, so that hard and soft systems thinking needs to be 
aligned. Accordingly, the system elements are important, but also the interrelations between 
the elements are in focus, which is a characteristic of the systems thinking. This allows to 
identify critical linkages and thus to identify and prioritize points for policy leverage. Essen-
tial methods for identifying critical linkages are integrated assessment models, scenario 
analysis with the integration of stakeholders, and life cycle assessments. 
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Figure 4: The hard and soft system stances 
Source: Checkland (2000) 
Transdisciplinary research can be considered as a system as well, where the different ele-
ments of the system (researchers from various disciplines and other actors e.g. from gov-
ernment or private sector) interact and are transformed (Pohl and Hirsch Hadorn 2008; qv. 
Chapter 4.2). In the course of this work, I will substantiate that water resources systems 
and its management generates situations, where bringing together systems thinking, action 
and transdisciplinary research, capacity development and related concepts is highly valuable 
for developing sustainable outcomes. 
3.1.4 Scale and level issues within man-environment systems 
Systems thinking address multiple dimensions of a problem and the identification of critical 
linkages, so that the conjunction with scale and level issues is eminent. Accordingly, man-
environment systems acknowledge the interactions and potential boundaries between envi-
ronmental and human systems. Cash et al. (2006) depict that scale and level dynamics chal-
lenge the management of man-environment systems. For understanding and analysing such 
challenges, we refer to the definition of Gibson et al. (2000) with scale as a dimension for 
studying a phenomenon (e.g. spatial or analytical) and level as a position on the scale as unit 
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of analysis (e.g. global or regional). Accordingly, interactions can be cross-level within a 
scale (e.g. local CO2 emissions impact on global climate change) or cross-scale (hydrological 
and jurisdictional scale). We additionally conceive cross-scale challenges as crossing boundaries 
between different scales or dimensions, e.g. boundaries between different social worlds 
(e.g. scientist and layperson; qv. chapter 4.3). Respectively boundaries between the analyti-
cal dimensions (scales) for analysing water resources problems, namely the engineering and 
natural scientific dimension and the social scientific dimension. Multi-level and multi-scale 
means that several levels or scales are present (Cash et al. 2003).  Figure 5 illustrates a selec-
tion of essential scales and levels within man-environment systems, whereas it has to be 
stressed that it is a selection of important ones. Depending on the particular study, other 
scales and levels can be considered, e.g. the scale of decision making authority with top 
(government), middle (region/state) and individual (human) level is generally important but 
not mentioned in Figure 5, or surface water-groundwater interactions are also not men-
tioned. We emphasize here the importance of knowledge being considered as scale ranging 
from an abstract level with general knowledge to a context-specific level with practical 
know-how. This is decisive for our transdisciplinary approach, which connects researcher 
from different disciplines and practitioners, and hence connects knowledge and action (qv. 
chapter 4.2.3). As a matter of fact, the study of water resources problems within the 
Ukrainian case study as described in chapter 7 and 8 crosses several scales and levels, with 
several emerging challenges. Cash et al. (2006) describes common scale and level chal-
lenges. A well-known problem within resources management is that scale and level interac-
tions are not realized or even ignored, as for instance national legislation that impedes local 
policy making. 
3.1.4.1 Problems of fit, interplay, and scale 
Additionally, mismatches may occur, e.g. problems of fit, as well as problems of interplay 
and scale as described by Young (2002) and Moss (2003). Problems of fit describe cross 
scale challenges between the biogeophysical system and human institutions, and the prob-
lem of fit is generic, i.e. it always occurs when humans and environmental systems interact 
(Young 2002). An example is the incompatibility between a river basin and the jurisdiction, 
which is normally organised in administrative divisions or units. River basin management 
could be a response to problems of fit, because it is an approach to regionalize water man-
agement, i.e. it can internalize former external issues. The well-known upstream down-
stream problems could be internalized, for instance. One example, where river basin man-
agement within the boundaries of a river basin has been institutionalized is the EU-Water 
Framework Directive. However, new spatial misfits can emerge out of such a reorganisa-
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tion, e.g. with other sectors like agriculture, which is not organized within river basins (cf. 
Moss 2012). And thus also problems of interplay, e.g. between water management and spa-
tial planning as mentioned by Moss (2003), or problems of rescaling as named by Moss and 
Newig (2010) potentially evolve. Problems of interplay describe problems of interaction 
between different institutions, horizontally and vertically (Young 2002). Horizontal inter-
play is thus a cross-scale challenge related to the cooperation between policy sectors like 
agriculture, regional planning, transportation, nature conservation, industry, tourism, hy-
dro-electric power and the cooperation between diverse actor groups like state ministries, 
local governments, industrial/ agricultural associations, public and private utilities, envi-
ronmental NGOs, consumer associations. These explanations show that it is difficult to 
distinguish between the problem of fit and the problem of interplay. Vertical interplay is a 
cross-level problem. 
Responses to problems of interplay are for instance co-opting policy instruments like agri-
environmental measures within the EU, international commissions like the International 
Commission for the Protection of the river Rhine (ICPR), which are often the best and 
most resilient frame for effective management of transboundary water resources (Peters-
berg Declaration 1998; Wolf 2007) and/ or the concept of Integrated Water Resources 
Management (IWRM). Another example would be (administrative) cooperation through 
regional planning as within Germany with countervailing influence5 and adaptation for ver-
tical coordination between state planning, regional planning, and local planning. Problems 
of scale describe cross-level problems and are related to the spatial or temporal transferabil-
ity of generalizations or causal inferences from one level to another (Young 2002), and to 
find the appropriate scale(s) and level(s) for analysis and action, called plurality challenge by 
Cash et al. (2006). 
                                        
5 (In German: Gegenstromprinzip) 
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Figure 5: Scales, levels and boundaries critical for man-environment systems 
 
An example would be the up-scaling from the sub-catchment to an indicator at national 
level, or conflicts arising from different time periods, e.g. electoral period versus the return 
on investments or long term planning needs. For effective river basin management, an ef-
fective interplay between institutions at several levels is necessary, meaning that the prob-
lems of fit, interplay and scale are interconnected.  
In summary, cross-scale and cross-level challenges (problems of fit, interplay and scale; 
boundary problems) are pervasive and cannot be avoided completely. For instance, 
Mitchell (2005) tellingly mentions that reorganisation moves boundaries but do not remove 
it and that each option of restructuring has advantages and disadvantages. Similarly, coor-
dination efforts cannot be simply reduced by transferring enforcement tasks from jurisdic-
tional institutions of water resources management to the river basin authority, because the 
river basin authority will always need to coordinate with other organizations from within or 
outside the water sector (von Keitz and Kessler 2008). And re-organizing water manage-
ment within river basins instead of sticking to administrative units is also questionable in 
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terms of democratic legitimacy and accountability. Local and regional government bodies 
within political-administrative jurisdiction are elected bodies, whereas established river ba-
sin councils are normally not elected and thus neither legitimated nor accountable to local 
and regional government bodies (Moss 2003; Pahl-Wostl 2007). Hence, political dependen-
cies have to be clarified in order to avoid democratic deficits and to avoid that parallel 
structures (river basin authorities and traditional state authorities) coexist with the same 
responsibilities. Feasible is however, as done in Germany for the implementation of the 
EU-WFD, that river basin and jurisdictional institutions of water resources management 
coexist, where water management authorities plan around river basins, but implement in 
cross-sectoral collaboration (Hüesker and Moss 2014). Furthermore, transaction costs in-
crease due to rescaling (Galaz et al. 2008; Roggereo and Fritsch 2010) because of an in-
creasing amount of actors and scales and more interactions. 
3.1.4.2 Mechanisms for overcoming boundaries 
Thus, it is evident from the discussion that boundaries of man-environment systems are 
difficult to define depending on the task and that boundaries cannot be removed. Accord-
ingly we have to be aware that a perfect organizational structure does not exist. Instead, we 
have to work with and across the scales, e.g. by cooperation and coordination mechanisms across 
the boundaries of different policy fields and levels. Cash et al. (2006) shows three re-
sponses, namely institutional interplay, co-management and boundary organizations (qv. 
chapter 4.3 on the boundary crossing framework). Institutional interplay means to develop 
mechanisms for vertical interaction (cross-level) at the jurisdictional scale, co-management 
means to share power and responsibilities between the government and local communities 
thus addressing cross-scale and cross-level interactions (Cash et al. 2006). Boundary or 
bridging organizations have an intermediary function between several scales and levels for 
enhancing the coproduction of knowledge as well as mediating conflicting interests (Ibid.; 
qv. chapter 4.3 for details on boundary organizations and boundary management). We fo-
cus on boundary management within this work as a means for tackling scale and level 
problems as described above. That means that we capitalize ideas mainly from the concept 
of boundary organizations, but also from institutional interplay and to a smaller extent on 
co-management.   
3.1.5 Water resources system 
For the management and planning of water (resources) systems, it is evident that first of all, 
the system itself has to be defined, including subsystems, elements, processes, scales and 
levels, system boundaries and its functions, e.g. ecosystem services like self-purification of 
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rivers, subsistence functions like traditional irrigation or commercial functions like hydro-
power generation (cf. Loucks 2005). One possibility to describe water resources systems is 
to apply and adapt the concept of a man-environment system. The interaction between human 
and environmental processes implies already to a certain extent the combination of hard 
and soft systems thinking. It consists of three parts, the natural system, the land use system 
and the socio-economic system that integrates again the socio-demographic subsystem, 
socio-cultural subsystem, political administrative subsystem as well as the economic subsys-
tem (Messerli and Messerli 1979). Similarly, Loucks (2005) defined that a water resources sys-
tem consists of the natural resources system (~supply), the socio-economic system 
(~demand) and the administrative and institutional system as the basis for the management 
of supply and demand. Instead of natural resources system, the term environmental re-
sources system is used within this thesis, since the first term is regularly referred only to a 
direct economic use of the resources, whereas the latter is also integrating intrinsic and 
situational values and more intangible functions of the resources like ecosystem services, 
i.e. indirect benefits. 
3.1.5.1 Environmental resources system 
The environmental resources system includes in the context of this study land resources 
(terrestrial system) and predominantly water resources (aquatic system) as described in 
chapter 3.1.1 with its physical, chemical and biological components and processes (Lim-
nology). That means that physical characteristics and hydro-meteorological processes that 
form the catchment and its rivers like current, flow velocity and discharge have to be taken 
into account as well as the geology and morphology, e.g. sediments or valley slope (hydro-
morphology). Furthermore, the chemical composition of the water resources with potential 
chemical pollutants and transport and sorption processes need to be considered including 
also matter cycling (e.g. nutrients). Biotic elements with all organisms and the resulting bio-
diversity are important parts of the environmental resources system as well. These abiotic 
and biotic elements and processes are interrelated and constitute the (aquatic) ecosystem. 
Solar energy is the main driver for energy and matter fluxes within the ecosystem. Ward 
(1989) has shown the four dimension of lotic ecosystems, which therefore also need to be 
considered within the environmental resources system. It includes (i) the banks and the 
floodplains/wetlands (lateral dimension), (ii) the interactions between the river and the 
groundwater in the river bed with the hyporheic and phreatic zone (vertical dimension), (iii) 
the upstream downstream linkages with nutrient spiralling, migration of species, erosion, 
transportation and deposition (longitudinal dimension; river continuum concept (Vannote 
1980), (iv) the time scale which is relevant in terms of ecosystems as the range between 
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evolutionary changes and behavioural response (Ward 1989). Furthermore, the (technical) 
infrastructure within the catchment has to be taken into account or defined as a separate 
system depending on the focus of the issues. Examples for water related infrastructure are 
waste water treatment plants and the sewer system, water supply system including wells, 
impoundments (reservoirs, barrages), hydropower plants, weirs, dykes and canals. The hy-
drological system boundaries are normally the water divides of the surface water (river ba-
sin) or of the underground water (aquifers), i.e. geographic boundaries. Yet, such system 
boundaries are scale dependent, i.e. depending on the existing problem. This shows that 
scales and levels of water resources systems are important for considering system bounda-
ries, e.g. on the spatial scale from the regional level (river basin) to local level (e.g. sub-
catchment) and down to analyses on the micro-scale (e.g. in the hyporheic interstitial). In 
any case, the system boundaries and its input-output relation (interdependencies) to the 
adjacent systems have to be defined. Boundaries could also exist due to administrative 
units, as described in the previous chapter on actual external natural water resources 
(Figure 3). However, often “mixed system boundaries” (geographic and administrative 
boundaries) are of relevance, as for instance the sewer system within a city or an irrigated 
agricultural site displaying a problem of fit. Therefore, also the socio-economic and gov-
ernance system has to be taken into account. 
3.1.5.2 Socio-economic system  
The socio-economic system consists of the demand for water resources, i.e. water uses and 
other human related activities with both leading potentially to impacts on the environ-
mental resources system. The main water uses/ relevant activities are agriculture, water 
supply and sanitation, flood control, industry and mining, environment, fisheries tourism, 
hydropower, transportation with all having varying fractions in different contexts. Yet, also 
other socio-economic influences need be considered as for instance demographic change, 
economic growth, livelihood, consumer behaviour, and innovations as for instance ICT. 
The system boundaries vary, depending on factors like the scope of the water use, man-
agement task, and relations to external regions with different socio-economic parameters. 
These points show again the scale and level dependencies. 
Important in relation to the water uses is also the differentiation of water as an economic 
good. In terms of rivalry and excludability, i.e. depending on its use, water can be consid-
ered as a private good, a common good (common-pool resource), or a public good (Table 
1). This serves also as basis for Ostrom’s (1990) work on common-pool resource (CPR), in 
which she basically proves that no private property or state administration is necessary for 
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the governance of CPR, but that common property regimes can prevent destruc-
tion/overuse. In chapter 3.1.15, the relation to motivation problems and incentives is 
shown. 
Table 1: Rivalry and excludability of economic goods 
 excludable  non-excludable  
rivalrous  Private goods 
drinking water, food, clothes, 
cars  
Common goods  
(Common-pool resources) 
fish stocks, groundwater, timber, mountain 
pasture 
non-rivalrous  Club goods 
cinema, private parks 
Public goods 
flood control, free TV, national defense  
Some scholars also integrate the administrative and institutional system into the socio-
economic system as for instance Messerli and Messerli (1979), yet, its importance for the 
water resources management cannot be overestimated (OECD 2011, WWAP 2006), so 
that it should be defined as a separate system. 
3.1.5.3 Governance and capacity system 
The administrative and institutional system as stated by Loucks (2005) refers to the legisla-
tion, administration and authorities that manage the water resources system. Yet, this view 
is comparatively narrow for managing water resources, therefore this thesis will stick to the 
more comprehensive term governance as explained in chapter 3.1.12, which additionally 
integrates cultural norms, traditions, interdependent individual and collective actors and the 
coordination between them (cf. Davis and North 1971, Benz 2010, Pahl-Wostl et al. 2013). 
In addition to Messerli and Messerli (1979) and Loucks (2005), also capacities need to be 
considered within man-environment systems, and especially within water systems, since 
they are pivotal means for context specific and thus sustainable water resources manage-
ment (qv. chapter 3.2 on knowledge, capacity and capacity development). It has to be ac-
knowledged that the development and management of water resources needs advanced 
knowledge and capacities (Alaerts 2009). Hereby it is distinguished between individual, 
organisational capacities and the enabling environment (van Hofwegen 2004, Alaerts 2009). 
The latter can be referred to governance capacities. The governance and capacity system 
provides the coordination with the other two systems, by “rules and means”, e.g. legislation, 
policies, administration, information, capacities, funding, as well as displaying potential 
coordination gaps as described by Charbit (2011). 
It is evident that the boundaries of the governance and capacity system vary according to 
the management task, from global to regional, national and local, and are frequently inter-
dependent.  
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3.1.5.4 Integrated water system 
The last chapters have demonstrated the complexity of water resources systems, especially 
because of the interdependency within the water sector and across other sectors as well as 
the integration of socio-economic issues. That means that frequently policy and planning 
problems (“wicked” problems) with underlain scientific problems (“tame” problems) need 
to be tackled.   
Thus, based on the concepts of man-environment systems (e.g. Messerli and Messerli 1979) 
and concepts on water resources systems (e.g. Loucks 2005) and together with the above 
mentioned enhancements, I propose to introduce the term integrated water system (Figure 6).  
Figure 6: Integrated water system 
 
It is the appropriate term for acknowledging that both, hard systems thinking as well as 
soft systems thinking is necessary for (re-) solving water resources problems. It further is 
the appropriate term that acknowledges the equal importance of the hydrological perspec-
tive and the water resources perspective, as well as for emphasizing on the interactions be-
tween the environmental resources system and the socio-economic system (resources use 
and pressures). Furthermore, it admits the importance of the governance system and ca-
pacities for a sustainable management by providing rules and means for the management. 
Hence, the coordination of the environmental resources system as well as the socio-
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economic system, respectively the potential coordination gaps as stated by Charbit (2011) 
and OECD (2012) are taken into account. Accordingly, I will use the term integrated water 
system within this thesis. The systems analysis of the integrated water system, comprising of 
analysis of the three above mentioned systems and the analysis of the interdependencies, is 
depicted in chapter 7 and 8. 
3.1.6 Integrated systems analysis and modelling 
It is evident that an integrated systems analysis is needed for the analysis of integrated wa-
ter systems. That means that the above mentioned systems (e.g. environmental resources 
system) and its interactions as well interactions within its subsystems (compartments, e.g. 
atmosphere/climate, catchment area/ land use, urban drainage system, WWTP, receiving 
water) have to be analysed. Modelling approaches are frequently used in water resources 
management and planning (e.g. the MONERIS6 model developed by Behrendt et al. 2000, 
2002; RWQM17 model developed inter alia by Shanahan et al. 2001), especially for model-
ling of water quality and quantity, as well as for climate change. Modelling is useful for sys-
tems understanding including the identification of pressures and thus impacts, as well as for 
describing potential future systems states. It can be also used for the evaluation of different 
rehabilitation measures. Modelling can be considered as integrated or coupled, if at mini-
mum two compartments are considered sequentially, e.g. climate and surface waters.  
One possibility for describing the interactions between society and the environment and 
thus for integrated analyses is the dynamic DPSIR framework (Driving forces, Pressures, 
States, Impacts, Responses) developed by the European Environment Agency (EEA 1997; 
EEA 2003). Social and economic developments (e.g. population growth, industrial produc-
tion, consumption) are driving forces that lead to environmental pressures8 (e.g. emissions, 
resources use), which consequently alters the state of the environment (e.g. increased CO2-
concentrations, changing water quality). As a result, the changed state leads to impacts, e.g. 
on ecosystems functioning (e.g. through fish kill) or human health (e.g. through more heat 
waves). Societal responses may occur, i.e. that the government or other actors attempt to 
encounter impacts (by prevention, compensation, adaptation, amelioration) that potentially 
influence driving forces and pressures (e.g. a behavioral change in resources use) or directly 
on the state or impact, e.g. revitalizing ecosystem services (Figure 7). Manifold approaches 
                                        
6 The model MONERIS (Modelling Nutrient Emissions in River Systems) can estimate the nutrient inputs of 
point sources and diffuse pathways within river basins. 
7 The River Water Quality Model No. 1 describes significant processes for C, O, N and P cycling in rivers. 
8 In fact, driving forces can lead to an increase in pressures or to the mitigation of pressures (Responses acting 
on driving forces). 
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to systems analysis and modeling within water resources exist. One contemporary approach 
was developed within the IWAS project as described in chapter 6.1.4. 
Figure 7: DPSIR Framework  
 
3.1.6.1 Climate modeling for hydrological impact studies 
The climate is determined by several essential climate state variables i.a. temperature, pre-
cipitation, wind, humidity and radiation, with mean and extreme values being of impor-
tance. Climate system observations show a change in means and variabilities of tempera-
ture, precipitation and CO2 (IPCC 2013) leading not only to impacts on the water availabil-
ity. Thus, current and future climatic conditions have to be analysed. 
Projections of future CO2 concentrations based on different scenarios also show rising 
concentrations (e.g. Legget et al. 1992; IPCC 1995, Special Report on Emission Scenarios 
(SRES) IPCC TAR 2001). Climate change depends on socio-economic and demographic 
development with associated emissions as mentioned above, and including also land use 
changes (e.g. deforestation), applied technologies, energy sources, lifestyles and (climate) 
policy. Hence, different scenarios have been developed based on different assumptions of 
the future within the SRES9 (IPCC TAR 2001; IPCC AR4 2007). The sequential process of 
SRES has started with socio-economic scenarios and out of them developed emissions 
scenarios, radiative forcing and climate model scenarios, and finally to impact studies (Moss 
                                        
9 The Special report on Emission scenarios has different scenarios: A1 with subsets like A1B or A1T, A2, B1, 
B2. 
Source: EEA 1997 
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et al. 2010). In the fifth assessment report from IPCC (2014), a major change occurred and 
SRES was replaced by the Representative Concentration Pathways (RCPs)10. Additionally, 
the sequential process of SRES is superseded by a parallel and coordinated process in 
which climate and integrated assessment will be elaborated simultaneously (Moss et al. 
2010). This new approach starts with the more comprehensive radiative forcing characteris-
tics, which integrates also land use changes and thus albedo changes (Moss et al. 2010; 
IPCC AR5 2014). This coordinated process should improve the interaction of climate rele-
vant natural and anthropogenic processes and responses, i.e. the collaboration between 
research on climate and integrated assessment modelling, impacts, vulnerability, adapta-
tion/mitigation is strengthened (Moss et al. 2010; IPCC AR5 2014). 
The scenarios are used for simulating changes in future climatic conditions (surface tem-
perature (T), precipitation (P) or other components like Evapotranspiration (ET)) within 
numeric climate models11. The models are based on physical equations describing proper-
ties (T, pressure, velocity, etc.), and thus processes in the atmosphere12 and in the other 
compartments (Neelin 2011; IPCC 2013). General circulation models (GCM) are used for 
getting atmospheric variables at a global scale. Yet, water resources management needs a 
reliable regional analysis of the recent climate and possible changes that can be used for fur-
ther hydrological applications (Bernhofer et al. 2011, Pavlik et al. 2012). Accordingly, global 
climate projections can be downscaled (statistical or dynamical) by regional climate models 
(RCM) to get information on regional climate conditions. A typical horizontal resolution of 
GCMs is circa 200km (2° in latitude and longitude; IPCC 2007), and downscaled horizontal 
resolution is between 50 and 7km, yet grid sizes getting regularly smaller. Pavlik et al. 2012, 
for instance, applied the CCLM as RCM for the IWAS model region Western Bug Basin 
with a horizontal resolution of circa 50 km and 7 km. Figure 8 shows the projected future 
change in average surface temperature and average precipitation for two scenarios as a pro-
jection for 2081–2100 relative to 1986–200513 for the whole world. In fact, all emission 
scenarios show a rising surface temperature (IPCC AR5 2014). Changes of precipitation are 
not equally distributed over the globe. For instance, in eastern parts of America, northern 
Europe and northern and central Asia, precipitation increased significantly (from 1900 to 
2005; IPCC 4AR 2007). On the other hand, in the Sahel, the Mediterranean, southern Af-
                                        
10 Four pathways are differentiated, RCP8.5, RCP6, RCP4.5, RCP2.6, where numbers refer to positive 
radiative forcing, i.e. a scenario family showing the energy surplus, in the year 2100 in comparison to the year 
1850).   
11 Climate models can be also used for simulating current conditions. 
12 with internal time steps of 20 minutes (Neelin 2011). 
13 Within this chapter we always refer to the projection for the period 2081–2100 relative to 1986–2005 from 
the IPCC AR5 (2014) when using the terms future change, future or projected change. 
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rica and parts of southern Asia precipitation decreased in the same time period (IPCC AR4 
2007). However, the AR5 (IPCC 2014) mentions that there is only a high confidence14 for 
the increasing precipitation trends of the mid-latitude land areas of the Northern Hemi-
sphere and for all other regions there is a low confidence of positive or negative trends. 
Figure 8: Change in average surface temperature (a) and in average precipitation (b) 
 
Based on multi-model mean projections for 2081–2100 relative to 1986–2005 under two RCP scenarios (see below for explanations). 
Number of models used is indicated in the upper right corner of each panel. Dots show regions where the projected change is large 
compared to natural internal variability and where at least 90% of models agree on the sign of change. Diagonal lines show regions where 
the projected change is less than one standard deviation of the natural internal variability. 
Source: IPCC AR5 (2014) 
Figure 8b displays the potential future change of precipitation, which will be not uniform 
meaning that some regions get drier and some wetter (IPCC AR5 2014). Moreover, 
changes in many extreme weather and climate events have been observed since about 1950 
(IPCC AR5 2014), so that current and future impacts of climate variability and climate 
change on water resources have to be analysed. 
It can be concluded that climate modelling delivers confident analyses of future mean val-
ues of the thermal components like T, ET, however, components like P, discharge Q, and 
                                        
14 medium confidence before the year 1951. 
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extreme events are still difficult to model. As Pavlik et al. (2012) mention for their study 
that model output in terms of precipitation cannot be directly used for hydrological impact 
studies, but that the data sets need to be post-processed (bias correction). 
Yet, precipitation is an essential parameter for hydrological impact studies, e.g. for the ur-
ban wastewater system, since rainfall is essential for the steady state of the system, as well 
as for system dynamics in case of rain weather conditions (e.g. combined sewer overflow) 
or dry weather conditions. For describing theses dynamic conditions, long-term rainfall 
data over several years (>30 yrs.) with a temporal resolution of smaller than 5 minutes is 
necessary. Berne et al. (2004) demonstrated that precipitation data with a temporal resolu-
tion of 3 min and a spatial resolution of 2 km are needed for hydrological applications in 
urban catchments (100 ha). However, the temporal resolution of contemporary downscaled 
regional climate models is still too coarse (1-3 hours and daily output within the CCLM), as 
well as the spatial resolution (Pavlik et al. 2012) so that further approaches are needed (Ma-
raun et al. 2010). Also for flood risk prediction, temporal high resolution precipitation data 
for forecasting and nowcasting15 data are needed, as Wetterhall et al. (2011) showed that 
utilising sub-daily precipitation data in the calibration and initiation of hydrological models 
can strengthen forecasting of flood events. Spatially, high‐resolution water balance and 
rainfall‐runoff models work at a scale between 1 and 5 km grid scale, i.e. that hydrological 
forecasting input data are similarly needed at that scale, e.g. for the estimation of discharge 
for hydraulic models (25–100 m resolution) to approximate the potential flood inundation 
(de Roo et al. 2003). Also for the prediction of flash flood events, the spatial and temporal 
resolution of the precipitation data is essential because of the high space-time variability of 
both the precipitation as well as the response of the hydrological system (Creutin and 
Borga 2003; Sangati and Borga 2009). For simulating water quality of rivers, global radia-
tion, temperature, relative humidity, wind speed and rainfall with a daily or hourly resolu-
tion are needed. 
3.1.7 Management 
The last chapters showed the importance of integrated systems and systems analysis with 
its various scales and levels. System understanding is a prerequisite for informed decisions 
and thus adequate management of any process or resource. Though, the term management 
has many different meanings, so that confusion between various actors exists, not only 
within the management of water resources. It has to be clarified, for instance, whether man-
agement means the business operations of a WWTP or the overall and long term manage-
                                        
15 (precipitation data 0-1 hour). 
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ment of the water sector on the political level (~governance), or whether it is both. Since a 
common terminology is essential, we first describe the different meanings of management 
necessary for water resources management and its differences and interrelations to public 
policy and the policy cycle (qv. chapter 3.1.12 on governance). 
3.1.7.1 Public policy and public management 
Jänicke et al. (2003) emphasize that public policy together with public management consti-
tute modern policy. They further state that the introduction of public management opened 
possibilities for reforming and modernization of the public sector, especially because of 
targeted action with performance review, so that the complete policy cycle can be opti-
mized. The term management is a central part of environmental policy since the beginning of 
the 1990s (e.g. the Dutch Environmental Management Act as the central environmental 
law; Jänicke et al. 2003). The term originates from business administration and describes 
the targeted and efficient control of enterprises, which is extended also to the organization 
of administrations and even to social systems in general. Management comprises planning, 
organization, human resources, leadership, control and especially the improvement of or-
ganizational processes (Jänicke et al. 2003). And it has to be underlined that planning is a 
part of management, since there is frequently inconsistency about where planning is ar-
ranged within the policy cycle. (New) Public Management comprises inter alia privatization 
of state properties, deregulation of state control, as well as generally improving efficiency of 
policy.  
Public policy refers to the execution of general rules (standards, subsidies, taxes), where in-
struments are more precisely defined than targets. In contrary, public management define spe-
cific objectives, manages more in terms of organisational activities than general rules do, 
and allows more flexibility in the utilisation of instruments (Jänicke et al. 2003). Conse-
quently, public policy frequently controls only whether the policy has been implemented 
within the state mechanisms (state apparatus), i.e. whether the administration has imple-
mented the necessary actions. Public management, in contrary, controls whether specific 
targets have been fulfilled, which needs a clear analysis of causal relations of the problem 
situation (Jänicke et al. 2003). Obviously, a consistent problem analysis will lead to the inte-
gration of further policy sectors and further stakeholders, so that it is connected to coop-
erative planning approaches (Ibid.). One of the oldest and overarching challenges of state 
systems that exist irrespective of a public policy or a public management approach is to 
have an effective relation between the policy (target setting; legislative power) and the ad-
ministration as the executive power. In that sense, Ostrom (2005) stated that “...the worst 
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of all worlds may be one where external authorities impose rules but are able to achieve 
only weak monitoring and sanctioning”. There are manifold examples that many countries 
struggle in implementing policies. These mentioned points exactly represent the situation, 
which we find in terms of public policy and public management related to water resources 
and it shapes the way towards integrated water resources management. A summary on dif-
ferences between public policy and public management can be found in Table 2.  
Table 2: Differences between public policy and public management 
Public policy Public management 
Control in terms of general rules, emphasis on 
implementation within state body 
Control in terms of specific organisational activities; 
management by objectives and results 
Main focus on ruling and execution Main focus on target setting and control of success 
Broad targets, precise instruments Precise targets, flexible instruments (strategic approach) 
Central and detailed budget (Fiscal accounting) Decentralised responsibility for financial resources (Lump 
sum budgeting) 
Formal democratic legitimisation Legitimisation through consensus (stakeholder approach) 
Motivation/action through hierarchy, formal 
orders, performing their respective duties 
Motivation/action through decentralisation of power, 
specific facts of the case 
Source: Modified and translated from Jänicke et al. (2003) 
Examples of public management show that they can contribute to an improved environ-
mental policy. However, public management theory is also criticised, because it assumes 
the full rationality of actors or the possibility of controlling complex systems (Jänicke et al. 
2003). It can be reasoned that public management should not substitute public policy, but 
should support it towards what Jänicke et al. (2003) calls a “Public Environmental Policy 
and Management”. This also implies that there is a double structure that comprises the 
hierarchic state as well as the cooperative state (Ibid.).  
3.1.7.2 Normative and operative management 
We further have to differentiate between two types of management (Grambow 2008): On 
the one hand, there is the normative or strategic management, i.e. long-term management on the 
societal and political level with principles, guidelines, rules of the game, etc. This type coin-
cides with the term governance, which is used frequently to describe this type of manage-
ment. Governance is about the fundamental rules and the legal system (Davis and North 
1971), as well as cultural norms and traditions (qv. chapter 3.1.12). On the other hand, 
there is the operative or functional management on the level of authorities or companies, i.e. the 
implementation of normative decisions. Since also strategic decisions and management do 
play a role within the functional management, it can be stated that these two types interfere 
(Grambow 2008). Additionally, Grambow (2012) mentioned that normative and operative 
management exist on all levels, i.e. on the political and systemic level as well as on level of 
the concrete implementation. Different levels within management models for businesses 
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and organisations are frequently found, e.g. the St. Gallen Management Model (Rüegg-
Stürm 2002) with three levels: normative (general targets of the company, corporate poli-
cies), strategic management (to accomplish targets derived from normative management, 
business plan) and operative management (implementation of strategies, quality manage-
ment, personnel management). 
3.1.8 Natural resource management and nexus approaches 
Increasing pressures on the natural resources system necessitates the management of theses 
renewable and non-renewable natural resources, like water, soil, energy, food or to certain 
extend waste. De Zeeuv (2000) classifies resources into: (i) non-renewable and non-
recyclable resources (e.g. fossil fuels), (ii) non-renewable but recyclable resources (e.g. min-
erals), (iii) fast renewable resources (e.g. fish), (iv) slowly renewable resources (e.g. forests), 
(v) environmental resources (e.g. soil), and (vi) flow resources (e.g. wind energy). The Net-
work of Heads of European Environment Protection Agencies (2006) defines natural re-
sources as “all components of nature that offer direct benefits for humankind; e.g. raw 
materials, land, genetic resources. Natural resources also include services which nature indi-
rectly provides for humankind, e.g. the absorption of emissions (sink function) and the 
maintaining of ecological biogeochemical systems.” Thus, all ecosystem compartments are 
addressed (atmosphere, hydrosphere, pedosphere, lithosphere and biosphere) and inter-
connected within biogeochemical cycles of materials, mainly carbon, nitrogen, phospho-
rous and sulphur cycle. And this interrelationship has implications for the management of 
natural resources. In a general perspective, the management of natural resources is thus the 
sustainable utilization of natural resources, including its allocation and its protection for 
sustaining human livelihoods and biodiversity. 
The interconnected biogeochemical cycles, the need to manage resources and other issues, 
like water, energy and food security led to the development of nexus discussions, as for 
instance the water, energy and food security nexus (Bonn Nexus Conference) as described 
by Hoff (2011), or the Nexus of Water, Soil and Waste as the central topic of the United 
Nation University Institute FLORES (Ardakanian et al. 2011). In fact, the intertwined 
processes within and between the compartments cause that many nexus approaches ad-
dress similar issues, yet potentially having different foci (Figure 9). However, nexus ap-
proaches should be applied cautiously, since not all compartments and issues can be inte-
grated and addressed simultaneously. This could lead to an unmanageable and too complex 
system leading to similar critique as already the IWRM concept encountered, e.g. “nirvana 
concept” (Molle 2008). Most important is a prioritization of issues, respectively manage-
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ment options and a functioning coordination mechanism, as we will show in chapter 7 and 
8. 
From a natural resources perspective, essential criteria for the nexus discussion are accord-
ing to Bernhofer and Leidel (2014):  
 energy efficiency, i.e. how much energy is required for water and waste manage-
ment, as well as in soil uses like agriculture; 
 land use efficiency, i.e. the required area for water, waste and land management; 
 food production efficiency, i.e. the sustainable production of food under the con-
straints of area, water, nutrients and energy. 
Underlying these three criteria is biodiversity for assuring adaptive capacity to environ-
mental changes (Ibid.). Figure 9 displays the three criteria and its relation to two nexus ap-
proaches acting within the governance context. 
From the definition of natural resources and the interconnected biogeophysical cycles, 
Bernhofer and Leidel (2014) state that fluxes form the “exchange currency” between the 
compartments and constitute the central element of nexus approaches (water, energy and 
nutrient fluxes). Taking nutrient fluxes as an example, phosphorus is on the one hand side 
the main factor for eutrophication of surface waters, and on the other side it is a non-
renewable fertilizer needed for ameliorating agriculture, since it is one of the essential 
macronutrients (N, P, K). Several technologies for recovering P out of wastewater and re-
cycling it for the application as fertilizer in agriculture are available as shown by Morse et al. 
(1998). E.g. the recovery of P from dewatered sewage sludge or as demonstrated by Franz 
(2008) from sewage sludge ash, which had an equal plant uptake efficiency as conventional 
phosphate fertilizer. This example already shows the huge potential to increase resource 
use efficiency, which needs to be an essential part of natural resources management, re-
spectively of nexus approaches. Hoff (2011) summarizes that several opportunities for im-
proving water, energy, and food security can emerge from a nexus approach, like increased 
productivity of resources, benefitting from ecosystems, waste as a resource, integrated pov-
erty alleviation and green growth, stimulating development through economic incentives, 
governance and policy coherence or capacity building and awareness raising. Furthermore, 
Hoff (2011) states that transdisciplinary research on the nexus is needed, including inte-
grated assessments of water, energy and food at all scales. The approach presented within 
this thesis goes in the same direction: transdisciplinary research with integrated assessment 
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of the integrated water system. Yet, we are not drawing on energy and food security issues, 
but more on water resources management. 
Figure 9: Interconnected nexus approaches 
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The inner triangle (water, soil, waste) displays the UNU-FLORES Nexus, the outer triangle (energy, food, 
land) are the central criteria relevant for UNU-FLORES Nexus and also stands for the context to the Water 
Energy and Food Security Nexus. Source: Bernhofer and Leidel (2014) 
3.1.9 Water resources management 
According to Lenton and Muller (2009), water resources management comprises the alloca-
tion and protection of the resource, incentives for efficient use, measures for regulating 
uses and conflict resolution, infrastructure development and last but not least the financing. 
Allocation of the resources means that water is distributed to the different water users, e.g. 
to agriculture or industry. This management task is according to Lenton and Muller (2009) 
a complex task due to the interrelated water cycle and subsequently the impacts that each 
use may have on other uses. Additionally, water resources management has to shift from 
focusing only on blue water towards managing all components of the water budget, i.e. the 
blue and the green water resources (cf. Falkenmark and Rockström 2006). That means that, 
for instance, water resources management is not only about allocating blue water to irriga-
tion agriculture, but also about rain-fed agriculture, which is not common for traditional 
water resources management (qv. chapter 3.1.1). The importance of the latter is shown by 
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Falkenmark and Rockström (2006) that global food production needs 6800 km³ water per 
year, whereas “only” 1800 km³ is consumed by irrigation agriculture. Consequently, land 
use has to be taken into account in terms of water resources management. Having this ex-
ample, also climate change related effects on water resources management have to be men-
tioned. Since higher temperatures in general lead to higher evaporation, water resources 
management has to deal with minimizing non-productive evaporation in (irrigation) agri-
culture (Bernhofer 2013). This is especially true if we consider the fact that hotter tempera-
tures leads not only to more evaporation, but also to more vapour, since the saturation 
vapour pressure depends exponentially on temperature (Magnus equation). Consequently 
less rainfall may occur, since a sample of air with the same vapour pressure would reduce 
its relative humidity from 100%, i.e. the point where condensation and potentially cloud 
formation starts, to a lower percentage while temperature increases (Bernhofer 2013). This 
example shows that (i) integrated water resources management (IWRM) is necessary and 
(ii) that it has to take into account climate change effects (qv. chapter 3.1.11).  
Later, I will discuss whether (integrated) water resources management should integrate the 
management of water uses as cross-sectoral integration as claimed by the GWP (e.g. 2000); 
or whether it should “only” focus on the management of the water resources where the 
emphasis should be on the coordination of water uses, i.e. looking at the impacts of water 
uses on water resources in terms of quantity, quality and allocation. 
In Germany, water resources management (Wasserwirtschaft) is defined according to the 
DIN 404916 as the “systematic organisation of all human impacts on surface water and 
groundwater.17 Accordingly, the German Working Group on water issues (LAWA 1996) 
describes that water resources management has been seen as the sum of all impacts on 
water resources with the main goals of (i) using the resources, (ii) defence against water 
related risks like flooding and (iii) reducing or mitigating water induced difficulties, e.g. land 
amelioration by draining marshes to transform it into agricultural land. 
Other authors (e.g. Wolff and Gleick 2002, Gleick 2003) distinguish between a soft path 
and a hard path to water resources management, whereas the latter is about infrastructure 
development (e.g. dams, WWTPs) that should be complemented with a soft path including 
inter alia decentralised systems, improvement of water use efficiency, open and decentral-
ised decision making, application of economic tools, and environmental protection. It is 
                                        
16 German Institute for Standardization (Deutsches Institut fuer Normung) 
17 In German: „Als Wasserwirtschaft wird nach DIN 4049 die zielbewußte Ordnung aller menschlichen Ein-
wirkungen auf das ober- und unterirdische Wasser verstanden.“ 
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clearly stated by Gleick (2003) that centralised infrastructure development and management 
is still needed, yet it has to be complemented by the soft path. This includes the considera-
tion of water resources management from the perspective of public administrations. 
Alaerts (2009), for instance, mentions that water sector management is part of the broader 
field of public administration. 
Furthermore, water resources planning is part of water resources management. In order to 
reduce the confusion about water management, it is necessary to define the relationship 
between water planning, (integrated) water resources management, and water governance, 
which will be done in the following chapters. Moreover, water resources management 
needs to address existing coordination gaps (Charbit 2011; OECD 2012) and especially 
narrowing knowledge gaps by attaining, absorbing, and communicating knowledge, which 
can enhance human livelihoods (World Bank 1998). Next to addressing coordination gaps 
also the interlinked incentives have to be dealt with, which are as relevant for successful 
implementation of resources management. 
In order to get a deeper understanding of the challenges of water resources management, 
the evolution of integrated approaches in water resources management will be explained. 
3.1.10 Evolution of integrated approaches to water resources management 
Integrated approaches to water resources management has evolved from traditional sec-
toral approaches to water resources management within the last one hundred years. It be-
came necessary since the number of water uses was growing, resulting in an increasing 
pressure on the resource and thus also pressure on human livelihoods. 
3.1.10.1 Early examples of integrated approaches 
It is difficult to trace back the starting point of this evolution; a well-known and often cited 
example for the onset of integrated approaches is the Tennessee Valley Authority (TVA), 
USA, established in 1933. However, an even earlier pioneer in this respect is the German 
Ruhrverband (Ruhr River Association). It was established in 1913 as a response to severe 
water related problems in the Ruhr District based on the Ruhr pollution prevention act 
(Ruhrverband 2003). Due to the rapid increase in coal mining and the rise of heavy indus-
try, water demand increased significantly as well as population growth, also leading to 
higher water demand and thus water scarcity. The river Ruhr was also used as raw water for 
the central waterworks so that also pollution of the river became an issue. The untreated 
wastewater also led to epidemics like typhus fever. Further conflicts about water and 
wastewater arose, e.g. water export to other regions leading to a reduced water flow in the 
Ruhr impacting for example hydropower stations. Since its establishment, the Ruhverband 
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is responsible by law for the good water status of the river and its catchment and the com-
pulsory members are the cities and districts, enterprises discharging wastewater and the 
waterworks (Ibid.). For the mentioned water quantity issues, the Ruhrtalsperrenverein 
(Ruhr reservoir association) was established also in 1913 based on the Ruhr reservoirs act, 
which was responsible for planning and constructing dams and reservoirs within the Ruhr 
catchment (Ibid.). Both associations were combined in the year 1938 into a single adminis-
trative unit (Ibid.). That means that the Ruhrverband is a public body with (i) the river ba-
sin as planning unit, (ii)specific legislation and authority for water management, and (iii) a 
balance of industrial development, drinking water supply and water quality. In summary, it 
can be said that the Ruhverband is by law the attempt to solve the multitude of pressing 
problems and conflicts between different water uses within a catchment. In the opinion of 
the author, this reflects the basic ideas behind integrated approaches like IWRM, so that 
the pioneering role of the Ruhverband can be justified. 
3.1.10.2 Water on the international development agenda 
In the international context, the evolution of IWRM can be traced back to the United Na-
tions Water Conference (U.N.W.C.), in Mar del Plata in 1977. According to Biswas (1978) 
the conference had to address the “problem of ensuring that the world had an adequate 
supply of good quality water to meet the socio-economic needs of an expanding popula-
tion”. The Mar del Plata Action Plan contains several recommendations for all essential com-
ponents of water management (UN DESI 1983): 
A. Assessment of water resources 
B. Water use and efficiency 
C. Environment, health and pollution control 
D. Policy, Planning and Management 
E. Natural hazards 
F. Public information, education, training and research 
G. Regional cooperation 
H. International cooperation 
These recommendations and its further explanations resemble the current IWRM paradigm 
and basically combines all issues that are still today on the international water agenda, espe-
cially the integrated approach to the development and management of water resources. 
One output of the conference was the International Drinking Water Supply and Sanitation 
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decade (1981-1990), in which some progress was observed according to Falkenmark 
(1997), for example sanitation improvements within developing countries, setting up of 
water authorities in some countries, revising legislation or improved pollution control in 
Western European countries. Yet, several aspects of the Mar del Plata Action Plan have not 
been addressed adequately, even if Falkenmark (1997) calls it an “excellent road map”. So 
the question arises, why, almost forty years after this conference, the practical implementa-
tion of such recommendations is unsatisfying and still on the political agenda. Najlis and 
Kuylenstierna (1997) showed causes for the lack of progress in implementing the roadmap, 
namely external factors like population growth, decreasing economy, conflicts and rapid 
urbanization. They also depicted internal factors like (i) water pricing, (ii) no integrated 
approach to water, land and waste management, (iii) no sectoral integration, (iv) water 
quantity and quality aspects, and (v) local participation.  
From the 1990s onwards, Integrated Water Resources Management (IWRM) was more and 
more recognized as a principle for implementing sustainable development in the realm of 
water resources management. One important step was in 1992 with the International Con-
ference on Water and the Environment in Dublin (ICWE), as a preparatory meeting for 
the United Nations Conference on Environment and Development (UNCED, Rio Sum-
mit) in Rio de Janeiro. According to Biswas (2009), the Dublin conference was not based 
on the results and experiences from Mar del Plata Conference. Other critics like Muller 
(2010) mentioned that most of the participants were technical experts from governments 
of the developed world and NGOs. On the conference, the Dublin statement consisting of 
four guiding principles with explanations (so called Dublin principles, Figure 10) and an 
action agenda with several recommendations have been developed (ICWE 1992). The first 
principle is often considered as the basic requirement for integrated resources management 
in order to come to a sustainable utilisation and development of water resources (Solanes 
and Gonzalez-Villarreal 1999). It therefore includes the three parts of sustainability, namely 
economic development, social development and environmental protection as well as a river 
basin approach. Also aspects like water quantity and quality or water planning are read into 
the first principle. The explanation to the first principle resembles important parts of the 
GWP (2000) definition of IWRM. The Dublin conference claimed that centralized and 
sectoral approaches to water resources management are inadequate for solving local water 
management issues, so that local participation needs to be fostered by governments (Najlis 
and Kuylenstierna 1997). For the follow-up on action plans, the ICWE (1992) proposed 
inter alia to install a world water forum or council, which was subsequently founded in 
1996. The World Water Council (WWC) organizes the triennial World Water Forum. 
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Members are intergovernmental organizations like UNESCO or World Bank, governments 
and government authorities like the French Environmental Ministry, private companies like 
Veolia Eau or Suez environment, civil society organizations like the International Union 
for Conservation of Nature (IUCN), professional associations and academic institutions 
like the Global Water Partnership, the International Water Resources Association or Al-
terra-Wageningen (WWC 2014). 
Figure 10: Dublin principles 
The WWC is criticized by several NGOs with some of them organising the Alternative 
World Water Forum. The main critics are that the WWC is dominated by private compa-
nies and is focused on privatizing water and sanitation services. They further state that the 
WWC has no legitimacy for developing international water policy (FAME 2012). 
It is often criticised that the Dublin principles are too general and impossible to operation-
alise in terms of efficient water resources management (e.g. Biswas 2009). In addition, it is 
often mentioned that water as a social good is not considered. Yet, the explanations to the 
fourth principle state that “...it is vital to recognize first the basic right of all human beings 
to have access to clean water and sanitation at an affordable price.” However, mentioning 
“social and economic good” within the fourth principle would have been reasonable, since 
the principles were promoted and became famous but not the explanations. In fact, the 
Dublin statement has been often reduced just to the Dublin principles, which are easily 
understandable, thus well-known and often repeated without explaining them correctly. 
Generalising the complexity of water resources management to four vague principles in-
stead of promoting an agenda with a road map is the major drawback of the ICWE. This 
generalisation can be considered as the basis of unjustified as well as justified critiques of 
the Dublin statement.  
The next important step was the UNCED (Earth summit) with the Rio Declaration on 
Environment and Development (Rio Declaration) incorporating 27 principles for support-
ing sustainable development (UNCED 1992). Furthermore, the Agenda 21 was enacted as 
1.  Fresh water is a finite and vulnerable resource, essential to sustain life, development and the environment  
2. Water development and management should be based on a participatory approach, involving users, planners and policy-
makers at all levels.  
3. Women play a central part in the provision, management and safeguarding of water 
4. Water has an economic value in all its competing uses and should be recognized as an economic good 
Source: ICWE 1992  
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the action agenda in terms of sustainable development. It acknowledges the importance of 
water in chapter 18 named “Protection of the quality and supply of freshwater resources: 
application of integrated approaches to the development, management and use of water 
resources”. Within this chapter, water related programme areas are suggested: 
a. Integrated water resources development and management; 
b. Water resources assessment; 
c. Protection of water resources, water quality and aquatic ecosystems; 
d. Drinking-water supply and sanitation; 
e. Water and sustainable urban development; 
f. Water for sustainable food production and rural development; 
g. Impacts of climate change on water resources. 
These seven areas are comprehensively explained, mentioning all important points for sus-
tainable water resources management. They are divided into basis for action, objectives, 
activities, and means of implementation as further explained in chapter 3.1.11. It can be 
seen that the focus is on development (referring to water resources as well as economic and 
social development), management and use of water resources and not only on management. 
It has to be noted that integrated water resources development and management 
(IWRDM) is one programme area next to the others like water resources assessment, 
which may lead to the misimpression that it is at the same level as the other programme 
areas. Yet, IWRDM incorporates the other six programme areas, as already implied in the 
title of the chapter, as well as explained within chapter 18 of Agenda 21. Another essential 
point is that chapter 18 clearly states that “effective implementation and coordination 
mechanisms are required”. 
Another important conference was the Millennium Summit in the year 2000, where the 
Millennium Declaration and the Millennium Development Goals (MDGs) were adopted. 
In terms of water resources management of special importance is goal 7 (ensure environ-
mental sustainability) with four targets (UN 2013): 
1. Integrate the principles of sustainable development into country policies and pro-
grams; reverse loss of environmental resources 
2. Reduce biodiversity loss, achieving, by 2010, a significant reduction in the rate of 
loss 
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3. Halve, by 2015, the proportion of the population without sustainable access to safe 
drinking water and basic sanitation 
4. Achieve, by 2020, a significant improvement in the lives of at least 100 million slum 
dwellers 
At least since the World Summit on Sustainable Development in Johannesburg (2002), 
IWRM is considered as the basic concept for improving water resources management. 
Within the Johannesburg Plan of Implementation, one target is to “develop integrated water re-
sources management and water efficiency plans by 2005…” UN-Water (2008) reported 
moderate progress in this respect with the percentage of developing countries having 
IWRM plans accomplished or under implementation has increased from 21% to 38%. The 
current status report from UN-Water (2012) indicates that on the one hand, significant 
governance improvements over the past 20 years can be reported, yet, on the other hand 
this process is for many countries still ongoing. However, the UN-Water survey from 2012 
also showed that progress related to IWRM plans has slowed or even declined in develop-
ing and transition countries since the last survey in 2008. That means that the implementa-
tion of IWRM has started, but more efforts are still necessary to operationalise integrated 
approaches, especially for countries with a low Human Development Index (UN-Water 
2012). One remaining question is, whether having IWRM plans in place is a good indicator 
for measuring the real implementation of IWRM at regional or local scales. 
Efforts needed for implementation are manifold, yet improved education, knowledge and 
information about sustainable water resources management is evident. Therefore, the 
United Nations Decade of Education for Sustainable Development (DESD 2005–2014) 
demands an appropriate education in the field of hydrosciences in order to approach sus-
tainable water resources management. Accordingly, the enhancement of academic and non-
academic education and vocational training is a central part within the discourse on capac-
ity development. This is also a central part in the current discussion on a new framework of 
international development (Sustainable Development Goals-SDGs) that should succeed 
the MDGs that will run out in 2015 (cf. Chasek et al. 2014). In the proposed SDGs, also 
IWRM is mentioned: “by 2030 implement integrated water resources management at all 
levels, including through transboundary cooperation as appropriate” (Chasek et al. 2014). 
There is currently the discussion on proposing a goal towards ensuring “...availability and 
sustainable management of water and sanitation for all” (Ibid.). 
It would be important to further clarify issues concerning the international political agenda 
of water resources management. This thesis, however, attempts to shed some light on the 
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development of a practical approach to support water resources management in imple-
menting such theoretical (and often abstract) concepts and roadmaps. Thus, it is demon-
strated how the implementation of global road maps can be supported for crossing 
boundaries on national, regional and local scales. The approach should form a vital piece to 
complete the jigsaw of implementing sustainable water resources management without 
having the hubris to think that this approach is a panacea for water resources management.  
3.1.11 Integrated Water Resources Management (IWRM) 
The IWRM concept is supported by several international organisations (e.g. GWP, 
UNESCO-IHP, UNECE, UNEP, GEF, UN-Water as inter-agency coordination mecha-
nism for water related issues, WWC). Within the international development cooperation, 
IWRM is the prevalent principle for sustainable water resources management, e.g. Ger-
many follows the IWRM model in all its development activities in the water sector (BMZ 
2006), as well as the Agence Française de Développement (AFD 2012). 
There are several definitions for the concept of Integrated Water Resources Management 
(IWRM), yet this thesis highlights similarities and differences between the definition of 
IWRM within Agenda 21 and the nowadays widely used definition of IWRM by the GWP. 
3.1.11.1 IWRM within Agenda 21 
A comprehensive definition of sustainable water resources management was developed 
within the Agenda 21 (UNCED 1992), emphasizing management and development and use: 
“Integrated water resources management is based on the perception of water as an integral 
part of the ecosystem, a natural resource and a social and economic good, whose quantity 
and quality determine the nature of its utilization. To this end, water resources have to be 
protected, taking into account the functioning of aquatic ecosystems and the perenniality of 
the resource, in order to satisfy and reconcile needs for water in human activities. In devel-
oping and using water resources, priority has to be given to the satisfaction of basic needs 
and the safeguarding of ecosystems. Beyond these requirements, however, water users 
should be charged appropriately” (UNCED 1992). 
It is further written within the objectives of chapter 18 (UNCED 1992) that “integrated 
water resources management, including the integration of land- and water-related aspects, 
should be carried out at the level of the catchment basin or sub-basin. Four principal objec-
tives should be pursued, as follows: 
a) To promote a dynamic, interactive, iterative and multisectoral approach to water re-
sources management, including the identification and protection of potential 
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sources of freshwater supply, that integrates technological, socio-economic, envi-
ronmental and human health considerations; 
b) To plan for the sustainable and rational utilization, protection, conservation and 
management of water resources based on community needs and priorities within 
the framework of national economic development policy; 
c) To design, implement and evaluate projects and programmes that are both eco-
nomically efficient and socially appropriate within clearly defined strategies, based 
on an approach of full public participation, including that of women, youth, indige-
nous people and local communities in water management policy-making and deci-
sion-making; 
d) To identify and strengthen or develop, as required, in particular in developing 
countries, the appropriate institutional, legal and financial mechanisms to ensure 
that water policy and its implementation are a catalyst for sustainable social pro-
gress and economic growth.” 
These objectives are underpinned by means of implementation, whereas the most impor-
tant one reflects a definition that “water resources development and management should 
be planned in an integrated manner, taking into account long-term planning needs as well 
as those with narrower horizons, that is to say, they should incorporate environmental, 
economic and social considerations based on the principle of sustainability; include the 
requirements of all users as well as those relating to the prevention and mitigation of water-
related hazards; and constitute an integral part of the socio-economic development plan-
ning process. A prerequisite for the sustainable management of water as a scarce vulnerable 
resource is the obligation to acknowledge in all planning and development its full costs. 
Planning considerations should reflect benefits investment, environmental protection and 
operation costs, as well as the opportunity costs reflecting the most valuable alternative use 
of water” (UNCED 1992). Further means of implementation are about capacity develop-
ment and human resources development and financing (Ibid.). 
3.1.11.2 IWRM definition from Global Water Partnership (GWP) 
One frequently used definition for IWRM is elaborated by GWP. IWRM is defined as “a 
process which promotes the coordinated development and management of water, land and 
related resources in order to maximise economic and social welfare in an equitable manner 
without compromising the sustainability of vital ecosystems and the environment” (GWP 
2000). Within its work, GWP refers rather to the Dublin principles as important basics for 
IWRM, than to the Agenda 21. Even if the GWP Technical Advisory Committee refers in 
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some publications to the principles of both Rio and Dublin conferences, and naming them 
seldom Rio-Dublin principles, they mostly mention in their documents the Dublin princi-
ples without explicit reference to Agenda 21. As a proof for the relevancy of the Dublin 
principles, GWP asserts that those principles have been restated at several conferences like 
the Rio+5 conference (UN 1997). However, those principles have not been mention ex-
plicitly within this conference; at best they can be found implicitly. Moreover, the Rio+5 
conference (UN 1997) mentioned that water is a social and economic good, so drawing 
rather from the Agenda 21. 
Interestingly, the Dublin principles and the term “IWRM” with its definition by the GWP 
(2000) has become accepted notwithstanding the fact that (i) the Dublin conference was a 
preparatory conference with limited participants, (ii) the Rio conference with the Agenda 
21 was actually the legitimate intergovernmental agreement for setting the agenda on sus-
tainable development based on the so called Brundtland report (Report of the World 
Commission on Environment and Development: Our Common Future). The term “inte-
grated water resources development and management” disappeared from the political agenda 
during the 1990s, even if the United Nations Economic and Social Council reaffirms this 
term in its resolution 1996/50 (UN-DESA 1999). A Google search from 22/01/2015 
showed 58.400 results for “integrated water resources development and management” and six 
times more results (383,000) for “integrated water resources management”. 
The question arises whether there is really a significant difference between those two terms 
and whether they reflect different approaches, namely IWRM= Dublin principles and 
IWRDM= Agenda 21. For Muller (2010) the Dublin approach to IWRM can be described 
as normative one, whereas the Rio approach is characterized as a pragmatic one. According 
to GWP-TAC (2000), the “M” in IWRM refers to both “development and management”. 
Lenton and Muller (2009) attempt to bridge the gap between the Rio approach and the 
Dublin approach by summarizing both approaches and determining that “water is a public 
good with both social and economic values, and that good water resources management 
requires both a broad holistic perspective and the appropriate involvement of users at dif-
ferent levels”. 
3.1.11.3 IWRM components 
Based on the concept of sustainability, IWRM focuses on three overriding principles, eco-
nomic efficiency, equity and environmental sustainability (Figure 11). This should not be 
mixed up with the four “IWRM principles”, promoted by GWP and which are basically the 
Dublin principles. 
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On the homepage of GWP, accessed on 28/01/2014, a fifth principle is laid down on “in-
tegrating three Es”, meaning the above mentioned three objectives.  
Figure 11: IWRM components 
 Source: GWP-homepage (accessed on 23/05/2012) 
13 change areas have been identified by the GWP (2004), which are structured into the 
“three pillars of IWRM” enabling environment, management instruments and institutional 
framework (Figure 11; Figure 12). The three pillars with the change areas are listed in Table 
3.  
However, IWRM is no blueprint meaning that implementing IWRM is context specific, 
depending on several factors like (GWP-TAC 2000): 
 character and intensity of water problems, 
 human resources and institutional capacities, 
 relative strengths and characteristics of the public and private sectors, 
 the cultural setting, 
 natural conditions  
The challenge of IWRM is according to GWP-TAC (2000) to balance water uses between 
water for livelihood and water as a resource to maintain its functions and characteristics. 
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Table 3: Change areas within IWRM 
Enabling environment Institutional roles Management instruments 
Policies: 
setting goals for water use, protec-
tion and conservation 
Creating an organiza-
tional framework: 
forms and functions 
Water resources assessment:  
understanding resources and needs 
Legislative framework:  
rules to follow to achieve policies 
and goals 
Institutional capacity 
building: 
developing human re-
sources 
Plans for IWRM: 
combining development options, resource 
use and human interaction 
Financing and incentive structures: 
allocating financial resources to 
meet water needs. 
 Demand management: 
using water more efficiently 
  Social change instruments: 
encouraging a water-oriented civil society 
  Conflict resolution:  
managing disputes, ensuring sharing of 
water 
  Regulatory instruments: 
allocation and water use limits 
  Economic instruments: 
using value and prices for efficiency and 
equity 
  Information management and exchange: 
improving knowledge for better water 
management. 
Source: Based on GWP (2004) 
3.1.11.4 Meaning of integration within IWRM 
Integration within IWRM can be categorized into natural system integration and human 
system integration, although it has to be acknowledged that integration between these two 
categories is also needed (GWP-TAC 2000). 
Natural system integration 
From the holistic nature of the water cycle, it is clear that the integration of land and water 
management is necessary, as well as the integration of surface water and groundwater man-
agement. Moreover, the quality of the resource is directly related to the quantity, so that 
both have to be managed simultaneously. Consequently, also upstream and downstream 
water uses have to be integrated, which clearly shows the interconnection to the human 
system integration. For instance conflicts and cooperation over upstream water pollution 
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or abstraction are evident and therefore institutional mechanisms are needed that mirror 
and respect the upstream-downstream relationship (cf. van der Zaag 2005). Since rivers 
discharge into lakes and oceans, also the integration between water resources management 
and coastal zone management, respectively lake basin management, is needed. And it is 
necessary to integrate green and blue water as mentioned earlier. 
A focus is also on integrating water and wastewater management, whereas the interaction 
of the natural system and the human system is obvious. 
Human system integration 
According to GWP-TAC (2000) the IWRM approach implies a cross-sectoral integration in 
national policy development meaning that water resources policies have to be integrated 
with other sectoral policies and financing priorities (Figure 12). That means that water re-
lated developments within other sectors like agriculture, energy or environmental protec-
tion must be in line with water resources development, water use and water risks (Ibid.). 
Vice versa, the management of water resources potentially has impacts on the society in-
cluding economic activities, for example irrigation agriculture and thus food production. 
This implies also an integration of sectoral institutions and organisations (e.g. through 
River Basin Organisations), since there is a sectoral fragmentation of water policy across 
different authorities, as mentioned in chapter 3.1.4. This is also in accordance with van der 
Zaag (2005), stating that IWRM is mainly an institutional challenge, so that an institutional 
integration or a cross-sectoral integration is needed. Since decision making authority is ac-
cording to Pahl-Wostl (2009) done within a nested hierarchy between top (e.g. national 
government), middle (e.g. regional administration) and individual (humans) level, also a 
vertical integration is needed (chapter 3.1.4). 
Another point raised by GWP-TAC (2000) is to influence economic decisions of sector 
actors, since such decisions potentially have impacts on water availability, quality and de-
mand, as well as water-related risks. Therefore, economic decisions need to reflect the real 
value of water and to reflect the full costs of the consequences of their action on the envi-
ronment and the society in order to make water sensitive decisions (internalising external 
effects).  
Multi-stakeholder participatory process 
IWRM is about the integration among and between water users and the government (Van 
der Zaag 2005). Thus, the identification and integration of all stakeholders in the planning 
and decision making process is necessary (Ibid.). Yet, the integration of all stakeholders 
may increase complexity of the management process significantly, so that the integration of 
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all relevant stakeholders seems more reasonable. It has to be carefully analysed who is 
needed in which phase of the decision making process on which level, following the prin-
ciple of subsidiarity. It has to be assured that no relevant actor is omitted but also that neg-
ligible actors are not encouraged to participate. However, this differentiation is not always 
easy to be done, since sometimes the importance of some actors is only recognized during 
the development process.  
Transparent decision making processes are essential based on real participation, implying 
that good governance is needed for IWRM as stated by Rogers and Hall (2003). Accord-
ingly, the complex decision processes of IWRM need to be facilitated by water managers 
that have the skills and capacities to do that next to providing the necessary information to 
the participants of the decision making process (van der Zaag 2005).  
Integration of development and environmental protection 
There is a dilemma that development is often pitted against environmental protection, 
meaning that especially in developing and transition countries development is done at the 
expense of the natural resources.  
Figure 12: IWRM and its relation to sub-sectors  
 
Source: (GWP-TAC 2000) 
Overall integration 
In summary, it can be said that inter-sectoral (cross-sectoral) integration is needed (e.g. 
coordination between water for agriculture and water for domestic uses), as well as intra-
sectoral integration (e.g. the coordination between different dischargers into the river) and 
the integration of actors at different levels of water management. Yet, problems arise from 
integration, namely the problem of fit, problem of vertical and horizontal interplay and the 
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problem of scale, as described in chapter 3.1.4.1. This implies that coordination and col-
laboration are critical factors.  
IWRM can be thus considered as a societal task steering the dynamic and diverse interde-
pendencies between the biogeochemical processes and anthropogenic activities (Leidel et 
al. 2013). Many aspects of society like urban planning, vulnerability towards flooding or 
technological development for the utilization of water have to be taken into account. Thus, 
a transdisciplinary approach is needed, where natural and engineering scientific factors as 
well as socioeconomic factors need to be considered within a societal context (chapter 4.2 
on transdisciplinarity). It has to be acknowledged that IWRM is not a concrete dogmatic 
manual, which integrates everything no matter what the situation is. Instead, it has to be 
seen as a conceptual framework that still has to be adapted to the societal and natural re-
quirements within the geographic context of the conducted study (Leidel et al. 2012). 
GWP-TAC (2000) acknowledges that human system integration is a complex task and per-
fect integration is unrealistic. For encountering this complexity, integrative and adaptive 
approaches are needed with multiple levels of analysis, assessment and management (e.g. 
Pahl-Wostl et al. 2007). This clearly shows that there is a distinct role for water governance 
in terms of implementing integrated water resources management. 
3.1.12 Water governance 
Before elaborating more on water governance, it is necessary to define some key terms that 
are essential for understanding the concept of water governance.  
First of all, stakeholders are defined as an” individual, group, institution, or government with 
an interest or concern in a particular measure taken or a proposal made by an organization” 
(UNDP 2009). Accordingly, stakeholder analysis comprises “a mapping of key stakeholders 
and their position vis-à-vis an entity’s objectives (degree of support, power etc.; UNDP 
2009).  Such an analysis is vital for identifying, the important stakeholders for the capacity 
assessment (qv. chapter 3.2.5). Somewhat differently, an actor can be defined as an individ-
ual or a group of individuals with regulated decision making, e.g. a government or a com-
pany (Ostrom et al. 2001). Even if there are slight differences in the definitions, we stick to 
Woodhill (2010) who uses both terms interchangeably by defining that “a stakeholder or an 
actor is an individual, organization or group who has a role to play and/or is affected by 
the outcome of an issue, situation or process”. For Renn and Schweizer (2009), the term 
governance already implies that decision making of plural societies cannot exclusively be 
done by governments, but additionally economic players, scientists and civil society organi-
zations are essential actor groups. Other experts use similar, but sometimes slightly differ-
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ent classifications of stakeholder groups, e.g. Woodhill (2010) emphasizes on citizens in-
stead of scientists as fourth group. In the course of this thesis and thus for our analyses, we 
stick to the grouping of Renn and Schweizer (2009). 
In terms of decision making and stakeholder participation, it is also vital to mention that 
inclusion (what and whom to include) and closure (what and how to select) are important 
parts of any decision making (Hajer and Wagenaar, 2003; Renn and Schweizer 2009). Inclu-
sion means that the four main actor groups have to be included so that they can together 
work on the problem and options for solving them (Renn and Schweizer 2009; qv. Action 
research in 4.1). Closure means that a set of options is agreed upon, while other options or 
plans are not considered further, so that the actors are enabled to reach a joint statement or 
agreement (Ibid.). However, as mentioned earlier, the increasing integration of additional 
stakeholders with their different interests, values and standpoints makes it more difficult to 
reach a joint agreement or even a consensus (Ibid.). Nevertheless, Renn and Schweizer 
(2009) argue that inclusive governance is based on the assumption that all actors can contribute 
and are necessary for improving decisions instead of impeding the process or reducing the 
scientific quality, respectively the legitimacy. And stakeholder participation is clearly more 
than only a two-way communication process, but it is a process that needs to include tech-
nical expertise, public values and regulatory requirements, which can be brought into the 
decision making by the above mentioned four actor groups (Renn and Schweizer 2009). 
They further describe six concepts for organizing participatory processes, namely func-
tional, neo-liberal, deliberative, anthropological, emancipatory and post-modern, and relate 
possible participatory methods and techniques to each concept like Delphi method or advi-
sory committees to the functionalist concept (Renn and Schweizer 2009). However, it is 
important to mention in the context of stakeholder participation, water governance and 
power issues what Lewin (1946) called the “unwillingness to face reality” of actors in power 
positions, which can be found at any level of management (e.g. politics), i.e. it seems that 
they fear that they cannot proceed with what they want to do, if the facts are known. 
Furthermore, it is essential to distinguish between organisations and institutions, since both 
terms are notoriously used interchangeably, which is however not correct. Organisations 
differ from institutions, since organisations are “groups of individuals bound by some com-
mon purpose to achieve objectives” (North 1990). Lusthaus et al. (2002) additionally men-
tion that organizations are formalized entities and that “organizations both conform to and 
influence institutions”. Many human activities are conducted within organisations and are 
categorized by Lusthaus et al. (2002) inter alia as private or public, for-profit or non-profit, 
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governmental or nongovernmental. Institutions are the formal and informal rules by which 
stakeholders interact (Ibid.). Thus, institutions are the rules of the game, i.e. “the humanly 
devised constraints that structure political, economic and social interaction. They consist of 
both informal constraints (sanctions, taboos, customs, traditions, and codes of conduct) 
and formal rules (constitutions, laws, regulations, and property rights)” (North, 1991). 
Governance itself is a term that became a well-known term in development cooperation, in-
stitutional economics and beyond, so that several different meanings and definitions can be 
found in literature. Pierre (2000) describes the basic meanings of governance; firstly, it re-
fers to the adaptation of the state towards its external environment. Secondly, it refers to 
the coordination of social systems and the role of the state within the system (Pierre 2000). 
This second meaning can be further differentiated into two categories, whereas the first is 
about how the state steers and coordinates society and economy through developing poli-
cies, setting objectives and priorities, i.e. it is about the political and institutional capacities 
of the state and about the role of the state in relation to other influential actors (state-
centred perspective; Ibid.). The second category is about coordination and forms of formal 
and informal public-private interactions and especially on the role of policy networks and 
partnerships, i.e. it focuses more on self-governance (society-centred; Ibid.). Chapter 3.1.16 
describes how social coordination mechanisms function and explains main mechanisms 
relevant for water resources management. 
An overview on governance definitions can be found in Roe (2013). Due to the manifold 
meanings and definitions, it is not surprising that the term governance it is often found in a 
compound with other terms, e.g. water governance, environmental governance, regional 
governance, inclusive risk governance, good governance and so forth.  
And it has to be differentiated between governance and operational management as men-
tioned in chapter 3.1.7. Several authors (e.g. Grambow 2008) use the term normative or strate-
gic management, instead of the term governance or interchangeably. Governance is about the 
fundamental rules and the legal system (Davis and North 1971), as well as cultural norms 
and traditions. In plain words, governance can be described as systems of rules for targeted 
activities; however, this is also true for government. So, a differentiation between govern-
ance and government has to be done. Rosenau (1992) describes government activities as 
backed by formal authorities and power to ensure the implementation of policies, whereas 
governance relates to activities backed by shared goals, which do not necessarily rely on 
power and formal authorities for compliance. Thus, governance “...is a more encompassing 
phenomenon than government. It embraces government, but it also subsumes informal, 
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non-governmental mechanisms... And it is possible to conceive of governance without 
government...which function effectively even though they are not endowed with formal 
authority” (Rosenau 1992). He further states that governance can only function, if it is ac-
cepted by the majority, whereas government can function even if there is opposition to 
their policies (Ibid.).  
Even if there are manifold meanings of governance, several core points of governance can 
be described as done by Benz (2010): 
 Steering and coordination (also governing) with the objective of managing interde-
pendencies between (usually cooperative) actors 
 Steering and coordination is based on institutionalised rule system for enabling the 
action of the actors, which is usually a combination of different regulation systems 
(e.g. contractual regulations, supervisory power, negotiating rules, competency 
based rules, majority rule). 
 Comprising various modes of interaction and collective action (e.g. networks, coali-
tions) 
 Processes of steering, coordination and interaction crosses the boundaries of or-
ganisations, as well as the boundaries between society and state. Thus, policy proc-
esses are conducted by state actors and non-state actors, respectively between ac-
tors within and outside organisations. 
Accordingly, a governance system consists of these above mentioned points and its interac-
tions. If such a governance system is capable of setting a framework for reaching and en-
forcing defined targets the term good governance is frequently used. In terms of water re-
sources management, however, usually diverging objectives of the different actors are in 
place, meaning that water resources management is related to power and interests, influenc-
ing also the governance system and eventually impedes good governance. 
A common definition of water governance is put forward by Rogers and Hall (2003) that it 
“refers to the range of political, social, economic and administrative systems that are in 
place to regulate development and management of water resources and provision of water 
services at different levels of society.” Huppert (2007) further emphasizes that for the inte-
gration within IWRM, mechanisms are needed that support the organisation of the rela-
tions between the different actors within and between the sectors. A wide range of such 
social coordination mechanisms are available and should be applied according to the con-
text: legislation, hierarchical administrative mechanisms, market mechanisms, democratic 
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mechanisms, formal and/or informal agreements (qv. chapter 3.1.16 on coordination 
mechanisms). It has to be mentioned that such coordination mechanisms are needed no 
matter how the water management is reorganized in terms of IWRM implementation. 
Whether a centralized organization is newly established during the IWRM process (e.g. 
river basin organization; water user association) or whether the existing sector organiza-
tions have to cooperate and coordinate with other sector organizations for implementing 
IWRM. Accordingly, Huppert (2007) adapted the governance definition of Williamson 
(1996) and defines water governance as “the means by which order is accomplished in the 
relation between the different stakeholders in the water sector in order to avoid potential 
conflicts and realize mutual gains in the context of IWRM“. 
3.1.13 River basin management 
In the context of water resources management, we also have to discuss the relation to river 
basin management. IWRM from its definition (GWP 2000) does neither mention explicitly 
a geographical scale nor a jurisdictional one. River basin management (RBM) as its name 
implies focuses on a basin wide approach for managing water resources18. Already within 
Agenda21 as well as in several IWRM publications from organizations promoting IWRM, 
as for instance GWP or UN-Water, it is usually mentioned to conduct IWRM on river ba-
sin scale. That means that RBM is to be considered as means for implementing the IWRM 
principles on the ground. River basin management is, for instance, also a central part of the 
EU- Water Framework Directive, which states that water management should be con-
ducted within its natural geographical unit, the river basin and that river basin management 
plans have to be set up. 
And accordingly, river basin organizations19 have been often proposed as organizations for 
implementing IWRM (e.g. GWP 2000). Details on the design and the different types of 
river basin organizations can be found in Huitema and Meijerink (2014), and the evolution 
including the different discourses towards RBOs are summarized in Jaspers and Gupta 
(2014). Interestingly, the EU-WFD has not forced the member countries to replace the 
existing water management authorities by establishing river basin organizations, but instead 
leaving this decision to the member countries by only regulating that there need to be one 
authority responsible for the coordination within the river basin. This led e.g. in Germany 
to the situation of parallel structures where the executing power is with the existing water 
authorities of the federal states and the planning is conducted within the river basin. This 
                                        
18 Sometimes also called integrated river basin management. Further used terms can be found in Downs et al. 
(1991). 
19 They are also called water agencies, basin agencies, basin department, basin commissions, water councils. 
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led according to Moss (2012) to high transaction costs due to coordination needs between 
authorities, but also avoided organizational restructuring and also forced authorities to co-
operate with non-state actors. 
IWRM is the overarching paradigm with general political objectives to be achieved, 
whereas RBM is considered as the concrete implementation and thus the operationalization 
and adaptation of the IWRM concept with “SMART“20 objectives. Even if IWRM and the 
EU-WFD are stemming from different discourses, the EU-WFD can be considered as an 
example, where the concept of IWRM was transformed into law and was adapted to re-
gional context specific conditions. E.g. gender issues have not been integrated into the EU-
WFD, whereas it is a clear objective of the Dublin principles that women should have a 
central part in management of water. Yet, those issues are negligible in Europe, so that it is 
reasonable not to include it into the legislation and thus exemplifying the need of context-
specific adaptations. 
In fact, river basins are natural hydrological units, in which the precipitation on this area 
leads according to the water balance (i.e. net of ET and storage) to the discharge with the 
drainage divide as the natural borders of the catchment. However, even this supposed dis-
tinct border is sometimes not exact, e.g. within karstic catchments, drainage divides of the 
surface catchments are frequently not congruent to the borders of the underlying aquifers, 
i.e. that precipitation within one catchment could result in groundwater that eventually 
drains within the adjacent catchment. Similarly, man-made inter-basin water transfer also 
creates problems (Niemann 2005) for the water balance, and thus also questions the valid-
ity of having the basin as management unit instead of the jurisdictional unit.  
Nevertheless, for hydrological analyses, and thus from a natural scientific and engineering 
scientific point of view, the river basin is the essential unit. All state-of-the-art analyses and 
modelling approaches are conducted within the river basin (qv. chapter 3.1.6 on integrated 
modelling). Thus, river basin management is a similar concept as water resources manage-
ment that is described in chapter 3.1.9.  
Some authors (e.g. Keitz and Kessler 2008) argue that even form an ecological point of 
view, river basin as boundaries are not relevant, because river basins do not constitute an 
ecological unit for species, apart from in stream species. They further argue that river ba-
sins are also from a socio-political point of view not fully reasonable (Ibid.). E.g. natural 
protection policies or agricultural policies are neither developed for, nor implemented in 
                                        
20 Objectives should be specific, measurable, achievable, realistic, time bound. 
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the river basin, but within the existing territorial, i.e. jurisdictional boundaries, e.g. suprana-
tional like the EU or national states and its sub-units like federal state or counties. In chap-
ter 3.1.4 we described these problems of fit and interplay, and in fact, RBM is as Moss 
(2003) stated a classical approach of solving problems of fit.  
There exist several different meanings of the functions of river basin management and 
which management tasks should be integrated. Downs et al. (1991) reviewed 21 approaches 
and provide a table listing all management components and its importance for developing 
as well as developed countries.  
Table 4: Functions and tasks of river basin management 
Main function Function/Task Description 
Monitoring, inves-
tigating, coordinat-
ing and regulating 
Data collection 
 
Collecting, managing and communicating data regarding 
water availability, water demand (including environmental 
requirements), and water quality to support different basin 
functions 
Prevention, monitor-
ing and enforcing 
Monitoring and control of water pollution, salinity levels and 
ground water extraction – ensuring that they remain within 
accepted limits; and enforcing relevant laws and regulations 
to prevent degradation/overexploitation and to restore eco-
systems 
Coordinating 
Harmonizing policies and actions undertaken in the basin by 
state and non-state actors relevant to land and water man-
agement 
Resolving conflicts Providing mechanisms for negotiation and litigation 
Planning and  
financing 
Water allocation 
 
Defining mechanisms and criteria by which water is appor-
tioned among 
user sectors, including the environment 
Planning  
 
Formulating medium- to long-term plans for developing and 
managing water 
resources in the basin 
Mobilizing  
resources 
Ensuring financing, for example, by collecting water user fees 
or water taxes 
Developing and 
managing 
Constructing  
facilities  
Designing and constructing water infrastructure 
Maintaining  
facilities  
Maintaining water infrastructure 
Operation and  
management  
Ensuring that dams, navigation and water distribution infra-
structure, and wastewater treatment plants are properly oper-
ated; that allocated water reaches its point of use; and that 
surface and ground water are conjunctively managed 
Preparing against 
water disasters 
Protecting from floods and developing emergency works, 
flood/drought preparedness plans, and coping mechanisms 
(Flood and Drought Risk Management) 
Protecting and con-
serving ecosystems 
Defining priorities and implementing actions to 
protect ecosystems, including awareness campaigns 
Source: Modified from Molle et al. (2007) and GWP and INB (2009) 
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From that, Downs et al. (1991) conclude that RBM21 comprises the following interrelated 
items, namely water management (water quality control, hydrologic regulation), river chan-
nel management (channel control), land management (land degradation control, land use 
regulation), ecological management (preservation, diversification) and human management 
(socioeconomic benefits). In a similar, but more detailed way, the essential functions of 
river basin management, which are partly or completely conducted in any river basin, have 
been described within the Comprehensive Assessment of Water Management in Agricul-
ture by Molle et al. (2007) and have been subsequently slightly modified by other organiza-
tions, e.g. GWP and INBO (2009). Valensuela (2009) additionally lists the issues to be ad-
dressed at river basin level, as well as the various types of data and information needed. 
Table 4 shows the essential functions of river basin management developed by Molle et al. 
(2007) with modifications from GWP and INBO (2009). Other authors like von Keitz and 
Kessler (2008) argue that one should be cautious in conducting RBM and setting up RBOs 
and that integration should be “only” about (I) upstream/downstream issues, especially 
pollution, (ii) heat discharge regulations, (iii) regulations regarding flooding and low water 
levels. Graefe (2011) even states that the “river basin fetishism, the domination of the 
IWRM and governance concepts can be taken as a symptom of the depolitization of water 
management” and thus as “replacement of the polity by expert environmental administra-
tors”. Similarly, Swyngedouw (2009) mentions the depolitization of management, i.e. that 
the political is reduced to policy making and consensual governing. Graefe (2011) argues 
that the problems are not technical or hydrological, but political, so that the river basin as 
the planning unit is erroneous and naïve. 
Interestingly, Gruenewald (2008) argues similarly that the problems are rather political than 
technical, but his deduction is completely different, since he states that therefore the river 
basin needs to be the planning unit. He further argues that not a restrictive river basin ap-
proach is needed, but a comprehensive one, especially regarding adaptation strategies, and 
strengthening the technical and natural scientific basis for integrated water resources man-
agement (Gruenewald 2008, qv. chapter 3.1.5.1). He proposes to establish water associa-
tions (i.e. RBOs) within river basins, forwarding good examples from several German fed-
eral states as for instance in Northrhine-Westfalia (Ibid. qv. Chapter 3.1.10.1 on the Ruhr 
River Association).  There are pros and cons for both positions, however, the major points 
behind are that there are inherently misfits when dealing with challenges related to water 
resources management. As a matter of fact, from hydrological perspective water resources 
                                        
21 Downs et al. (1991) name it integrated basin management. 
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management has to be done on the river basin scale thus following Gruenewald (2008). In 
terms of legislation and implementation of management options, it is necessary to analyze 
and understand the institutional context conditions; i.e. also to check the historical ar-
rangements towards water resources management. What is reasonable for Germany must 
not be reasonable for France or elsewhere. Nevertheless, the essential functions of RBM 
that have clear advantages have been described by von Keitz and Kessler (2008), and inte-
grating additional functions should be a matter of discussion for each single river basin. 
And the form and the organizations need also to be in respect to the context, whereas it is 
more important to focus on coordination mechanisms between organizations for overcom-
ing the boundaries between the different stakeholders. Last but not least, it has to be men-
tioned that river basin management is also a political process, i.e. that certain policy objec-
tives are part of introducing RBM (e.g. RBM approach for industrializing agriculture), so 
that one has to be aware of hidden agendas of proponents of RBM (Moss 2006). 
The increasing worldwide support for RBM in the last years shows that the scientific con-
cept of RBM has been institutionalized (Moss 2006): On the one hand, RBM has become a 
guiding principle for water management worldwide (informal institution), and on the other 
hand it has been also operationalized within many countries (formal institution) since many 
years like the Ruhr River Association or within the implementation of the EU-WFD. As 
Alaerts (1999) mentioned, river basin organizations are important for implementing inte-
grated water management, but should be limited to functions that complement the tasks of 
existing authorities, and thus have an added value for the water resources management. 
Furthermore, Alaerts (1999) states that institutional constraints like vested interests and a 
lack of confidence frequently impede basin management, even if basin management is in 
general a win-win proposition for all involved actors, at least in the long run. 
3.1.14 Critics on IWRM 
3.1.14.1 Critics on concept and terminology 
Critics on the concept are manifold. Biswa (2004) for example doubts that one single para-
digm can be valid for all regions and all the many contexts of the world. Biswas (2004), as 
one of the main critics on IWRM, further states that the concept sounds impressive, but 
the definition is vague and thus it does not provide assistance in implementing water re-
sources management. As an example, Biswas (2004) mentions that it is impossible for water 
professionals to operationalise the claim from the definition to “maximize economic and 
social welfare”, since the relation between water management and economic and social 
welfare is still object of research. Another questionable point is that indicators are missing 
that are showing that a water resources system is working in an integrated manner, respec-
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tively moving towards an integrated system (Biswas 2004). He concludes that the IWRM 
definition by the GWP (2000) merely uses trendy words, but it is inconsistent and not im-
plementable. Jonker (2007) argues similarly that the IWRM definition of the GWP does not 
provide a clear theory that is needed for practitioners for successful implementation. Van 
der Zaag (2005) calls the concept relevant but also elusive and fuzzy. He also stated that 
IWRM may be a buzzword, but not in the context of his research in South Africa (Ibid.). 
Some ambiguity of the term IWRM is related to the fact that water resources management 
is understood differentially by several actors. The flexible or inconsistent use of terminol-
ogy is a major problem for implementing IWRM. For instance, some actors perceive water 
resources management only as the optimisation of water uses, whereas water resources 
development, i.e. infrastructure development, is not included (cf. Muller 2010). Others de-
scribe IWRM predominately as a governance issue, i.e. focusing more on normative man-
agement. In addition, broad and vague approaches like IWRM are popular, especially be-
cause all stakeholders can identify with such broad definitions. Or as pointed by Biswas 
(2004) that stakeholders adhere to vague definitions because they can continue their work 
without the need of changing, but still claiming that they follow the “new approach”. An-
other critique towards the concept is that it does not integrate uncertainty (e.g. Pahl-Wostl 
(2005; qv. chapter 3.1.17). 
3.1.14.2 Critics on integration 
Manifold different integrations are described in literature so that it is not clear, what inte-
gration exactly means. Biswas (2004) presents a list of 35 different meanings of integration, 
whereas he doubts that it is feasible to integrate all these different issues and institutions. In 
terms of cross-sectoral integration (water, land and related resources), some actors derive 
from the IWRM definition a uniform (integrative) management of all relevant areas of wa-
ter resources management or even a institutional reorganization with the rescaling of all 
management activities to new integrated water management institutions like river basin 
organizations. Biswas (2004) argues that such an entire integration and reorganization is not 
feasible, since 
i. inter-ministerial and intra-ministerial rivalries usually exist, 
ii. water ministries cannot execute such integration, as knowhow and/ or control is 
possibly limited, 
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iii. experts from other sectors may not want that water experts superimpose their 
views without consultation. The same would hold true for other sectors like agricul-
ture, proposing concepts like integrated agricultural management. 
iv. it is questionable, how these different integrations could be executed; respectively 
which processes for integration are necessary. 
It can be also added that often different management cultures and attitudes and processes 
exist, leading, as Mollinga (2010) describes, to boundaries between different sectors and 
disciplines (cross-scale challenge). Overcoming such boundaries by setting up integrated 
institutions is difficult and other coordination mechanisms are more promising. Another 
argument in favour of other coordination mechanism instead of integration is about de-
mocratic participative processes. Biswas (2004) state that “different institutions have differ-
ent stakeholders and interests, and this diversity is a part of any democratic process”. The 
democratic legitimacy of RBO or similar integrated organisations can be also questioned 
(Dombrowsky 2005; Huitema and Meijerink 2014). Consequently, integration may lead to 
centralization, reduced responsiveness to needs and demands of the diverse groups of ac-
tors related to water resources management, and reduced transparency (Biswas 2004).  
River basin organisations (RBO) that deal with a certain amount of water-related issues can 
contribute to successful operational water management. But even the well-reputed RBOs in 
France do not integrate all management activities of all water uses, but only the manage-
ment of the water resources itself and in some cases the management of the irrigation wa-
ter use (Huppert 2012). Tortajada (2002) mentions that the river basin may ‘‘not always be 
the best unit for water management’’, and thus RBOs might not always be the most appro-
priate body for coordination. And river basin management with or without integrated water 
management institutions like RBOs may lead to a parallel structure next to the existing 
administrative structure as observed in Germany during the implementation of the EU-
WFD or as van der Zaag (2005) mentioned in South Africa. The same issue of parallel 
structures, which potentially lead to uncoordinated management of the water resources and 
competition in terms of management tasks, eventually aggravating already existing institu-
tional deficiencies, was observed within the Western Bug River Basin, Ukraine (Leidel et al. 
2012). Furthermore, rescaling of management activities can increase governance costs as 
shown by Roggero and Fritsch (2010). 
3.1.14.3 Critics on missing governance and capacities 
Several authors stated that capacities are insufficient for implementing IWRM. For in-
stance, van der Zaag (2005) mentions that water managers that are capable of facilitating 
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the IWRM processes are needed. Jonker (2007) similarly means that the implementation of 
IWRM is difficult because of missing human resources capacities. Also water institutions 
are often missing the capacities needed for water resources management in a rapidly chang-
ing and thus uncertain world. In chapter 3.2 we explain the importance of capacity and 
capacity development for water resources management. However, next to capacities, also 
incentives are decisive for sustainable water resources management. 
3.1.15 Incentives for sustainable development outcomes 
In their seminal work on development cooperation, Ostrom et al. (2001) demonstrated that 
major hindrances towards sustainable development results are collective-action problems. They 
occur in collective-action situations, i.e. that at least two actors work together for produc-
ing something beneficial, which can hardly be developed alone (Ostrom et al. 2001). Col-
lective-action problems emerge, when low motivation and/ or asymmetry or missing of 
information lead to incentives22 of actors of not (satisfactorily) solving a collective-action 
situation (Ostrom et al. 2001). Incentives can be material or nonmaterial, e.g. financial in-
centives (salaries, allowances), political incentives, moral incentives, personal incentives like 
career advancement, or coercive incentives like confiscating goods. That means that moti-
vation and information problems (incentive problems) are rooted in goods and services 
that are often part of projects as well as actors’ relationships to each other (Ibid.). 
Motivation problems can be for instance the problem of public goods, which are non-excludable 
and non-rivalrous goods (Chapter 3.1.5.2; Table 1). Thus, individuals have the incentive to 
free-ride, i.e. the consumption of one public good without contribution, e.g. environmental 
protection (Ostrom et al. 2001). Another motivation problem is related to common-pool re-
sources (e.g. groundwater), which are also non-excludable, but rivalrous, i.e. that the con-
sumption of one actor reduces the availability of resources to other actors. If many indi-
viduals use the resources, an over-use of common-pool resources is expected as described 
by Hardin (1968) in his famous article tragedy of the commons. Hardin (1968) further argued 
that regulation (state) or privatisation (e.g. dividing farm land into several privately owned 
plots) is needed for encountering this problem; yet, Ostrom (1990) showed in her book on 
governing the commons that neither regulation nor privatisation is necessarily the best option of 
using scarce resources, but involving all actors in developing effective institutions for man-
aging common pool resources. Another example for a motivation problem is the Samari-
tan’s Dilemma (Buchanan 1975; Ostrom et al. 2001; Gibson et al. 2005): a situation, where a 
wealthy and cooperative actor (Samaritan) wants to support other (poorer) actors that are 
                                        
22 Incentives are rewards and punishments related to actions of humans (Ostrom et al. 2001). 
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in need of help (e.g. development cooperation). The Samaritan can decide to assist or not, 
and the recipients can choose the extent of their efforts. Game-theoretically, Buchanan 
(1975) has shown that for both, the active and the passive Samaritan’s Dilemma, it is always 
the best strategy for the Samaritan to assist, but for the strategic acting recipients it is eco-
nomically reasonable not to put high efforts into their work. This is clearly linked to moral 
hazard problems, which are described below. 
Information problems emerge when there is an asymmetry of information or missing of infor-
mation. Missing information means that actors may not know the complete situation or do 
not know possible actions and their linkages to results including payoffs (Ostrom et al. 
2001). Asymmetry of information may create inappropriate incentives leading to several 
problems. First of all, principal-agent problems emerge when an employee has more opera-
tional knowledge than the supervisor, and when there are differing objectives between 
both, so that the subordinate may not act in accordance with the superior (Ostrom et al. 
2001). Principal-agent problems occur frequently in social and economic exchange proc-
esses, e.g. potential intransparent transaction because of information asymmetry between a 
service provider (agent; e.g. a car mechanic) and a customer (principal; e.g. a car owner). 
Also the concept of boundary organisations draws from principal-agent theory as described 
in chapter 4.3 with the boundary organisation as agent being responsible and accountable 
for two or more principals (e.g. scientists and politicians). 
 Another example is moral hazard problems, i.e. information asymmetries exist between a pro-
vider (agent) and the receiver (principal) of services and additionally external influences on 
agent side occur, for which the agent cannot be held accountable within an intransparent 
exchange process and low accountability on the agent side (Huppert 2012). That means 
that the behaviour of the partners is uncertain and thus opens the door for opportunistic 
behaviour of the agent, corruption or rent-seeking (Ibid.). Ostrom et al. (2001) described 
another situation for a moral hazard problem, where, for example, a donor assures a bene-
fit to a government based on a contract without having enforcement possibilities. That 
means the donor cannot force the government to implement the agreed reforms, e.g. the 
country’s institutional system. The funding of the donor will create a moral hazard, because 
the government is not in need of changing their policies (Ibid.).  
Therefore, appropriate incentives need to be developed within projects on sustainable de-
velopment, “so that the time, skill, knowledge, and genuine effort of multiple individuals 
are channelled in ways that produce jointly valued outcomes” (Ostrom et al. 2001). Incen-
tives are developed within institutions (Ostrom et al. 2001), i.e. within “the rules of the 
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game” as described in chapter 3.1.12. Institutions therefore support tackling collective-
action problems, whereas it has to be mentioned that solutions need to be adaptive due to 
ever changing conditions (Ostrom et al. 2001). This is in accordance with the concepts on 
adaptive management (Holling 1978; Walters 1997) or adaptive water management (Pahl-
Wostl 2004).  
It can be concluded that water resources management is a collective-action situation, where 
collective-action problems occur, since manifold studies have shown motivation and in-
formation problems within water resources management (e.g. OECD 2012). Especially in 
developing countries, the institutional context is often not powerful enough to overcome 
incentive problems like corruption, rent-seeking or fiscal illusion (Ostrom et al. 2001). That 
means that satisfactorily implementing sustainable water resources management needs to 
consider also institutions and actors’ incentives. Or as Ostrom et al. (2001) put it in a nut-
shell that institutions that are capable of matching contributions with rewards are always 
needed. Thus, it has to be analysed whether governance systems support IWRM implemen-
tation or rather on the contrary. One method for that is the Incentive Compatibility Analysis 
(Fischer et al. 2004; Huppert 2007), which analyses whether the governance system pro-
vides incentives for implementing IWRM through carrots and sticks. This analysis is sepa-
rated into (I) definition of IWRM targets, (ii) identification of main actors and determines 
essential services and the service relations between them, (iii) identification of the applied 
governance mechanism, and (iv) assessing effectiveness of governance mechanism in terms 
of incentives creation towards the developed targets (Fischer et al. 2004; Huppert 2007).  
In chapter 7 and 8 it is discussed to what extent my developed transdisciplinary concept 
with the integrated coordination mechanism is capable of developing appropriate incen-
tives for the actors. 
3.1.16 Coordination mechanisms 
If working within water resources management or other development activities one has to 
accept the inherent complexity and power asymmetries that exist according to McMahon 
(2010) due to the various actors involved with their different backgrounds, interests and 
power. This can potentially lead to conflicts, especially in terms of ownership, authority and 
the allocation of roles and responsibilities (McMahon 2010). Therefore, it is decisive to 
develop and maintain a relationship between actors, i.e. that collaboration and coordination 
between the actors is needed and thus also relational capacities of the actors. 
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Coordination is defined by the UNDP (2009) as “a technique of social interaction where 
various processes are considered simultaneously and their evolution arranged for the opti-
mum benefit of the whole”. That means that coordination is about solving problems by the 
coordination of the interactions between several actors, whereas Beetham (1996) distin-
guishes three types of coordination, namely markets, hierarchies and democracy. 
In terms of water resources management, coordination mechanisms can be understood as 
coordination mechanisms on a global level between international organisation and within 
the UN system, e.g. UN-WATER, which can contribute according to Schubert and Gupta 
(2013) inter alia to agenda setting, knowledge sharing, or connecting stakeholders and ex-
perts. However, we conceive in the realm of this thesis coordination mechanism as tool for 
enhancing collaboration at national level, and especially at regional or local level between 
actors relevant for water management. And hereby it is not decisive whether there is a 
RBO or whether the integrated management is carried out by the existing organisations. In 
fact, a centralized single organisation is most likely not capable of managing complex basins 
on their own, even if they are strong organisations (Molle et al. 2007). Instead, it is impor-
tant to coordinate government actors, user and community organisations and other actors 
at basin level (polycentric river basin governance), which according to Molle et al. (2007) 
perform better, but they also mention that the performance is especially effective in con-
texts where participation and democratic structures are well established. 
Essential is thus for any organisational form to set up coordination mechanisms that sup-
port the joint water management and that organize and maintain the collaborative relations 
between the various stakeholders necessary for water resources management (Huppert 
2007). This enhances the cooperation and allows for an appropriate balancing of conflict-
ing interests (Huppert 2007). Thus, coordination mechanism should support the coordina-
tion of the functions and tasks that need to be conducted within water resources manage-
ment, as e.g. data collection, planning, water allocation, construction of infrastructure 
(Table 4). However, the roles of and the responsibilities between the different involved 
authorities need to be clarified including the identification or assignment of one authority 
as responsible for the coordination and for assuring that the coordination mechanisms are 
set up and enforced. This can be executed by an existing authority if appropriate, by setting 
up a specialized organisation (RBOs etc.) or committees having sufficient level of authority. 
In the guidelines from UNESCO (2009), it is also proposed to take a third party (organiza-
tion or individual) as coordinator that has no direct interest in the particular problem situa-
tion.  
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Cooperation mechanisms are basically about enhancing communication for joint problem 
solving, i.e. about initiating or strengthening a dialogue between stakeholders, so that col-
laboration is improved. Dialogue is “the art of thinking together” (Isaacs 1999 in McMa-
hon 2010), and working through dialogue leads according to McMahon (2010) to self-
reflection and shared learning, and thus leads to understanding rather than persuading. Yet, 
it is questionable, whether dialogue and thus voluntary cooperation always functions, espe-
cially where strong interests and power asymmetries prevail- the party with power will most 
likely resolve the conflict to its advantage. In fact, voluntary cooperation (bottom up coop-
eration) between authorities (or sectors with their administrations) or between authorities 
and NGOs for balancing interests is often difficult to reach, respectively is not functioning 
or not functioning well. And there is the potential danger of coordination committees that they 
are not able to accomplish their tasks, potentially because (i) every actor is part of the 
committee, thus decision making is difficult, (ii) donor driven and thus not integrated in the 
administrative system, and (iii) no or low support from higher level authorities. 
Thus, stating coordination needs in the legislation as basis for top down approaches for 
setting up coordination mechanisms are frequently a feasible option for encountering un-
cooperative attitude. And it seems promising to combine top down approaches with bot-
tom up activities. But it has to be stressed that this is not a panacea for resolving power 
asymmetries, since power relations prevail also in such situations, yet compulsory coopera-
tion may lead to a real dialogue where stakeholders understand the views of the others and 
attempt to solve the problem situation. 
As an good example, UNESCO (2009) describes the Yoshino River, where the different 
sectors were forced to work together (top-down approach), and a working group with rep-
resentatives of the administration, as well as water user organisations and companies was 
set up for sharing data and eventually drafting in a collaborative sense the river basin man-
agement plan (bottom up activity).  
Hence, examples for coordination mechanisms are working groups with regular consulta-
tions between the authorities, informal meetings for sharing information, mandatory in-
formation exchange, joint policy making, cross review of plans and policies and subsequent 
endorsement if possible. Another important point is a clear documentation of the joint 
work, which reduces the danger of misunderstandings, enhances transparency of the proc-
ess and thus reduces the danger of conflicts. The documentation should include formal 
documents like agreements on collaboration like joint monitoring activities as well as more 
informal documents like joint protocols of meetings, schedules among other things. In fact, 
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joint protocols can be considered as boundary object which facilitate cooperation (chapter 
4.3). Collaboration can also be supported by knowledge networks like communities of 
practice (e.g. within water organisations) or global or regional networks. Knowledge net-
working can inter alia lead to (i) the creation of new knowledge and knowledge sharing, (ii) 
bringing the knowledge into policy and practice, and (iii) empower local communities (Lui-
jendijk and Lincklaen Arriëns 2009). Yet, also knowledge networks need coordination 
mechanisms for being effective (chapter 3.2.2.1 on knowledge networking).  
We consider the cooperation and coordination problems as integration problems that fre-
quently occur in complex natural resources management that can be reduced by boundary 
management. Enhancing communication, but also mutual understanding and mediation can 
be reached with combining several coordination mechanisms in conjunction with organisa-
tional arrangements and knowledge networking. We argue that coordination mechanisms 
need to be embedded into a boundary management which follows analytical, assessment 
and participatory strategies as discussed in chapter 4.3. Indeed, this is the strategy that was 
developed for strengthening the collaboration within the water resources management in 
our Ukrainian case study (Chapter 7 ff). 
In summary, it has to be underlined that sustainable river basin management requires col-
laborative relationships, which are based on existing organizations, customary practices, 
and administrative structures (Molle et al. 2007). And for managing these collaborative rela-
tionships, coordination mechanisms are needed that are adapted to the existing institutions, 
as well as to the current challenges of the particular basin. Hereby, also a certain amount of 
enforcement is needed. Above that, coordination mechanisms have to be adaptive to future 
changes. Yet, coordination mechanisms alone are not sufficient for collaborative relation-
ships for sustainable river basin management. We propose and show that it requires inte-
grating coordination mechanisms into a boundary management approach.  
3.1.17 Adaptive water management 
There exist many critics on IWRM and its difficulties in implementation as mentioned 
above. Scholars like Pahl-Wostl (e.g. 2005; 2007) or Petersen et al. (1997) argue that this is 
mainly due to the non-consideration of uncertainties within the system and within the 
management process. These uncertainties stem from global change and especially from 
climate change. Furthermore, it has been acknowledged that solving governance problems 
is often the key to more sustainable water resources management. 
Conceptual framework 80 
 
 
 
Pahl-Wostl et al. (2006) mention that a paradigm shift is needed for encountering the mani-
fold problems of water management. Elements of such a change include according to Pahl-
Wostl et al. (2006) and Pahl-Wostl (2008): 
 Participatory management and collaborative decision making 
 Integration of sectors and issues 
 Management of problem sources instead of managing effects 
 Decentralized and flexible management 
 Soft measures for management of human behaviour 
 Management goals integrating environmental goals 
 Open information 
 Iterative learning cycles included in management approach. 
To meet these challenges, several authors (e.g. Pahl-Wostl 2008) propose to draw on the 
concept of adaptive management, which was introduced into ecology and environmental 
management by Holling (1978), and refined by Walters (1997) stating that ecological sys-
tems should be managed by a process of learning by doing. And Peterson et al. (1997) ar-
gue that the importance of the concept of adaptive management rises, because climate 
change and its consequences are inherently connected to other environmental and anthro-
pogenic drivers, so that sustainable solutions for mitigation and adaptation are getting more 
complicated to achieve. Pahl-Wostl (2004) mentions that adaptive management is needed, 
because uncertainties and risks in the management of ecological systems exist, so that it is 
difficult to predict the behaviour and responses of the system in the future. And managing 
the water system includes even more complexities, so that the control of all relevant proc-
esses and to precisely predict the outcome of management decisions is difficult (Pahl-Wostl 
2008). 
Adaptive management reduces uncertainties continually by monitoring and assessing the 
system, which will gradually lead to an advanced and thus more adapted (management) 
system. Accordingly, management is considered to be rather a learning process instead of a 
mere control (Pahl-Wostl 2004) so that new insights probably will also lead to the adapta-
tion of the goals and strategies of the management.  
Generating different scenarios and hypotheses that are subsequently evaluated is one pos-
sibility within the learning process. The acquired knowledge from testing of the scenarios 
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can be used to improve the system. A prominent example is the IPCC, which addresses 
uncertainties, uses scenarios and refine their statements on a regular basis, i.e. utilising an 
adaptive approach. 
In fact, most of the current approaches within development cooperation, IWRM, capacity 
development, natural resources management reflect the ideas of adaptive management at 
least by having iterative policy cycles with goal setting, implementation, monitoring and 
evaluation and its recursion. This applies also for action research and transdisciplinarity, 
which also emphasize the iterative, cycling nature of all phases (qv. chapter 4.2.2). 
Summarizing, adaptive management is an iterative process interrelating knowledge and 
implementation, or as Bormann et al. (1994) stated that “adaptive management is learning 
to manage by managing to learn”. Pahl-Wostl et al. (2007) define adaptive management as a 
systematic process for strengthening management policies and practices by learning from 
the outcomes of already implemented management strategies. Adaptive water management 
can be accomplished through social learning (Pahl-Wostl et al. 2007), or as Mostert et al. 
(2008) mentions that social learning is the key to IWRM. 
Accordingly, adaptive and integrated water management is decisive for sustainable water 
resources management since it can increase the adaptive capacity of water systems (Pahl-
Wostl 2008). Structural changes are needed for real innovations in water management, i.e. 
that it is more important to initiate changes than developing new models towards best wa-
ter regimes (Pahl-Wostl 2008).  For the process of change and for the learning in opera-
tional adaptive water management, Pahl-Wostl (2008) suggests linking actor platforms and 
learning cycles to existing water management structures.  She further states that methods 
and tools are needed that “help navigation in a fast changing and uncertain world” (Ibid.). 
And Pahl-Wostl (2008) concludes that there are no panaceas, but also not only unique 
cases- so it has to be assessed, what can be generalized.  
 We developed a similar approach, by including the capacity development process into the 
management process (Leidel et al. 2012) and by developing an e-learning platform for fa-
cilitating learning for several levels of integrated water resources management (Leidel et al. 
2013). However, Pahl-Wostl follows more the research direction on social learning within 
water resources management, whereas my study follows more the research direction of 
transdisciplinary methods for water resources management. Yet, during the course of this 
thesis it becomes clear that apart from different focal points, both research directions inter-
fere and have similar approaches. 
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Accordingly, due to the manifold uncertainties and vulnerabilities within the water sector, 
adaptive water management (AWM) is a reasonable extension to the paradigm of IWRM. 
Yet, in my opinion, there is no need to change the IWRM to AWM or another concept that 
will potentially rise in future (e.g. water security). It is irrational to change every couple of 
years the paradigm, even if some new facts have been manifested- just after the non-
scientific stakeholders have been convinced that the presented concept is the right concept 
for future water management. I met a person from an African NGO on the World Water 
Forum in Marseille in 2012, and she complaint that she just has convinced decision makers 
that IWRM is a sound concept for approaching their water issues- and now the IWRM 
concept should be old-fashioned. My firm conviction is that IWRM should be considered 
as an overarching paradigm23 that has to be adapted to the needs of the particular problem 
situation, or as Mollinga (2006) mention that IWRM should be considered as boundary 
concept, in which different interest and perceptions have to be negotiated (qv. chapter 
4.3.1). This directly leads to a first synthesis about rethinking IWRM. 
3.2 Knowledge, capacity and capacity development (CD) 
The importance of knowledge, capacities and capacity development for sustainable re-
sources management and especially for water resources management cannot be overesti-
mated, if we think about the unprecedented challenges like climate related hazards and its 
resulting need of having an adaptive and resilient society for tackling such problems. 
The international development cooperation has been using the concept of capacity and 
capacity development since the late 1980s (Baser and Morgan 2008). The origins of capac-
ity development within the development cooperation are summarized in Table 5 from 
Pearson (2011). Within the water sector, the concept’s importance raised due to the experi-
ences of the 1980s (International Drinking Water Supply and Sanitation decade) that tech-
nological approaches and infrastructure alone are not sufficient for solving water related 
problems, but that the development of institutions and human resources is as decisive 
(Alaerts et al. 1991; Alaerts 2009). The water sector was therefore one of the first sectors 
with a practical definition of capacity development for improving the sustainability of de-
velopment programmes (Alaerts et al. 1991). The concept became particularly important 
after the Delft declaration in 1991 (Alaerts et al. 1991), and the 1992 UNCED in Rio (qv. 
chapter 3.1.10 on the history of water resources management). Furthermore, capacity de-
velopment was focused on within the Paris Declaration on Aid Effectiveness (OECD 
                                        
23 A water management paradigm is according to Pahl-Wostl (2008) a set of assumptions that are shared by a 
community of water actors and is manifested in items like planning approaches or engineering practices. 
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2005) and the subsequent Accra Agenda for Action (OECD 2008) attempting to improve 
the quality of aid and its impact on development. Both documents highlight the importance 
of country ownership and leadership, and correspondingly that capacity is considered an 
endogenous process24. Thus, there should be a shift from donor-driven approaches (i.e. 
introducing own initiatives) to support countries in their own development activities. That 
means that technical cooperation from donors should be used for supporting locally driven 
capacity development. And capacity development continues to be on the international 
agenda and within the water sector. Inter alia in the Sustainable Development Goals it is men-
tioned in target 6a to enlarge international cooperation and capacity development support 
to developing countries in water and sanitation related activities and programmes25. 
Additionally, there is a clear need for a knowledge-based society to advance sustainable 
development. Correspondingly, a close link between knowledge and capacity development 
exists, so that e.g. Alaerts et al. (1991) described that both issues have to be addressed co-
herently. 
 
                                        
24 Endogenous process means that countries or societies guide their development process themselves locally 
(e.g. Ubels et al. 2010). 
25 In fact, capacity building is mentioned several timers in the SDGs, e.g. in target 13.3 it is mentioned to 
“improve education, awareness-raising and human and institutional capacity on climate change mitigation, 
adaptation, impact reduction and early warning”, in 13.b to “promote mechanisms for raising capacity for 
effective climate change-related planning and management in least developed countries and small island de-
veloping States”, as well as several times in target 17 (www.sustainabledevelopment.un.org). 
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Table 5: History of development approaches and capacity development 
Development 
approach 
Practices Started Assumptions Results 
Development Aid 
 Developed countries 
lend or grant money to 
developing countries 
Institution building 
 Objective was to equip developing countries with 
the basic inventory of public sector institutions that 
are required to manage a program of public invest-
ment 
 Focus was on the design and functioning of indi-
vidual organizations, not broader environment or 
sector 
 Imported or transplanted models from developed 
countries were often used 
1950s 
and 60s 
 Developing coun-
tries need money 
 Greater focus on investment and reporting than 
on results 
 Mounting debt 
 Dependence on foreign aid 
 Projects end when money runs out 
Technical Assistance 
 Foreign experts come 
in to operate their own 
projects, which they 
expect to yield similar 
results to those seen in 
developed countries 
 
Technical Cooperation 
 Greater emphasis on 
training, transferring 
knowledge, based on 
national policies and 
priorities 
Institutional strengthening/ development 
 Shift from establishing to strengthening institutions 
 Focus was still on individual institutions and not a 
broader perspective 
 Tools were expected to help improve performance 
1960s 
and 70s 
 Developing coun-
tries should just 
model themselves 
after the devel-
oped ones 
 Few or no re-
sources available 
locally 
 Developing coun-
tries should part-
ner with devel-
oped ones 
 Projects launched, but disconnected from local 
goals or priorities 
 Dependence on foreign experts 
 Expertise not always transferred from foreigners 
to locals 
 The externally driven models often ignore local 
realities 
 Idea of ‘assistance’ highlights unequal relationship 
between developed and developing countries 
 Local expertise enhanced 
 Projects somewhat more in line with local priori-
ties and goals 
 Driven by outside forces, opportunities missed to 
develop local institutions and strengthen local ca-
pacities 
 Expensive 
Development management/ administration 
 Objective was to reach special public or 
target groups previously neglected 
 Focus was on delivery systems of public 
programs and capacity of government to reach tar-
get groups 
1970s 
Human resource development 
 Development is about people 
 Stressed the importance of education, health, popu-
lation 
 Emergence of people centred* development 
1970s 
and 80s 
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New institutionalism 
 Focus was broadened to sector** level (govern-
ment, NGO, private) including networks and exter-
nal environment 
 Attention given to shaping national economic be-
haviour 
 Emergence of issue of sustainability and move away 
from focus on projects 
 Rooted in field of institutional economics 
 Set the scene for the emergence of the ‘governance’ 
focus that is now prominent 
1980s, 
and 90s 
Capacity Development 
 A focus on empowering 
and strengthening en-
dogenous capabilities 
Capacity development 
 Emerged in the 1990s as an aggregate of many 
other development approaches 
 Re-assessed the notion of technical cooperation 
(TC) 
 Stresses importance of ownership and process 
 Has become “the way” to do development 
Late 
1980s 
and 
1990s 
 Developing coun-
tries should own, 
design, direct, im-
plement and sus-
tain the process 
themselves 
 Makes the most of local resources (people, skills, 
technologies, institutions) and builds on these 
 Favours sustainable change 
 Takes an inclusive approach in addressing issues 
of power inequality in relations between rich and 
poor, mainstream and marginalized (countries, 
groups and individuals) 
 Emphasizes deep, lasting transformations through 
policy and institutional reforms 
 Values ‘best fit’ for the context over ‘best prac-
tice’; as one size does not fit all 
*Some of this change was influenced by political emancipation frameworks and the emergence of ‘participation’ as a concept and practice for development. 
** The word sector usually refers to functions (education, agriculture) but in this context the word was used to denote types of organisation and institution. 
Source: Pearson (2011) based on Lusthaus et al. (1999) and UNDP (2009) 
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3.2.1 Data, information and knowledge 
Innovations and inventions and thus knowledge were and are an essential production fac-
tor for any development process, not only in terms of industry, but for all sectors and so-
cietal processes. The World Development Report from the World Bank (1998) has already 
emphasized that knowledge is development. In fact, it is almost a truism now that “knowl-
edge-intensive societies” become even more important in managing the increasingly com-
plex, competitive and changing environments. Accordingly, also public administration and 
thus also water sector organisations need to focus on continuous knowledge development 
for facing emerging challenges (cf. Alaerts 2009). Expressions like knowledge-based econ-
omy, knowledge-intensive industries, knowledge worker or knowledge-intensive business 
services show an indication that we are in the fifth Kondratiev wave (cycle), in which in-
formation and communication technology (ICT) and knowledge as a strategic resource 
prevail.  
The basis for any informed decision is the availability of data and information and its ag-
gregation to knowledge (cf. Zins 2007 or Rowley 2007 on the data–information–
knowledge–wisdom hierarchy). And its importance is also acknowledged in the discussion 
on the Sustainable Development Goals to increase significantly the availability of high-
quality, timely and reliable data by the year 2020 (Chasek et al. 2014). 
Therefore, we have to define what data, information and knowledge is about and it has to 
be emphasized that knowledge is not the same as data or information. However, they are 
interrelated within a hierarchy, i.e. knowledge is derived from information, which itself is 
created from data (Rowley 2007). Yet, there is a diversity of interpretation of this interrela-
tionship and the meaning of data, information and knowledge as presented by Zins (2007), 
who made a critical Delphi study on these expressions under 57 scholars working in con-
cerned academic fields. For a detailed and comprehensive discussion with different per-
spectives on data, information and knowledge it is thus referred to Zins (2007). For the 
realm of this study, we refer mainly to the concepts of data, information and knowledge 
from Davenport and Prusak (1998), Polanyi (1966), Nonaka and Takeuchi (1995) and the 
integration of the discussion on knowledge into the water sector as described by Alaerts et 
al. (1991), and Alaerts (2009). 
Data can be defined as an objective fact about a situation or a process with no inherent 
meaning, and without giving an additional value like interpretation or judgement (Daven-
port and Prusak 1998). The basis of data is measurements or observations leading to raw 
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material stored in records or transactions out of which the information is developed. Thus, 
information can be defined as data that has meaning, purpose and relevance (Ibid.). Data is 
transformed into information, if value is added, as for instance by: 
 Contextualisation; i.e. the purpose of the data is known 
 Categorisation, i.e. the units of analysis or key components are known 
 Calculation, i.e. the data is analysed, e.g. statistically or mathematically 
 Correction, i.e. errors are deleted 
 Condensation, i.e. the data is summarized 
(Davenport and Prusak 1998). 
Furthermore information is stored in a message and always needs a sender and a receiver 
and therefore the receiver decides, whether the message really informs the receiver, i.e. a 
real information is derived out of the data (Davenport and Prusak 1998). It has to be un-
derscored that the medium for transmission (e.g. the internet) is not the message, i.e. the 
information itself is more important than the information technology (Davenport and Pru-
sak 1998). This is also essential in terms of using new media for information transmission 
within e-learning environments. Having a learning management system with state-of-the-art 
functionality like synchronous and asynchronous communication tools will not guarantee 
good teaching (qv. chapter 9.1 for details about the developed e-learning module on 
IWRM). 
It is not trivial to define knowledge, which can be substantiated by the fact that there is a 
scientific debate on knowledge and its meaning pervading the history of philosophy. Many 
definitions exists, as for instance the definition of Howell (2013, who states that “knowl-
edge incorporates our stock of explanations and understanding of why reality and the truth 
and theories that reflect this are as they are; knowledge involves interpretations of facts 
derived from data as well as abstract comprehensions of phenomenon”. For the purpose of 
this thesis, however, we will stick to the apt working definition by Davenport and Prusak 
(1998): “Knowledge is a fluid mix of framed experience, values, contextual information, 
and expert insight that provides a framework for evaluating and incorporating new experi-
ences and information. It originates and is applied in the minds of knowers. In organisa-
tions, it often becomes embedded not only in documents or repositories, but also in organ-
isational routines, processes, practices, and norms”. This definition makes no differentia-
tion between object (known) and subject (knower) and reflects therefore, according to 
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Nonaka and Takeuchi (1995) more the Japanese tradition than the Western philosophical 
tradition. Knowledge is derived from information by  
 Comparison, i.e. the situation is compared to previous known situations 
 Consequences, i.e. what implication has the information for decisions or actions 
 Connections, i.e. how does this information relate to other kinds of knowledge 
 Conversation, i.e. what do other persons think about this information 
(Davenport and Prusak 1998). Knowledge is acquired through other humans or through 
organisational routines and is exchanged e.g. via books or documents, conversations or 
apprenticeships (Davenport and Prusak 1998). The invaluable advantage of knowledge is 
that it is close to actions and decisions (Ibid). Therefore, knowledge is an important part of 
action research and transdisciplinary research as a means for societal changes as describe 
below. 
3.2.1.1 Explicit and tacit knowledge 
The discussion about the kinds of knowledge, its development and its transfer or exchange, 
originated in the 1960s and is often traced back to the work of Polanyi (1966), who stated 
that “we can know more than we can tell”. The work of Polanyi is frequently considered as 
cornerstone for knowledge management, yet he has not participated in research towards 
establishing knowledge management as an academic discipline (Lehner 2012). Polanyi 
(1966) distinguishes between explicit and tacit knowledge, whereby explicit means that the 
knowledge can be expressed in numbers or words, explained and the information trans-
ferred. For instance factual knowledge like the properties of water (melting point, specific 
heat capacity, etc.) or the understanding of a phenomenon like the hydrological cycle, can 
be explained but also shown in an equation (water budget equation26). Tacit knowledge is 
not as easily articulated and not easily transferred within a “classical learning situation” as 
for instance a university lecture, because it is hidden, implicit knowledge. That means it is 
more based on experiences and on context, more related to personal opinions and intui-
tion, value systems, and thus more about the development of skill and attitudes. Polanyi 
(1966) gives a striking example for tacit knowledge: If a person knows the face of someone 
else, s/he can recognize it under millions of humans without knowing why s/he recognizes 
the face. Similarly, Nonaka and Takeuchi (1995) distinguish within tacit knowledge between 
a technical and a cognitive dimension. The former describes for example the know-how of 
                                        
26 Precipitation= Net Storage + Evapotranspiration + Runoff. 
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a carpenter gained within years of experience but often being unable to explain the techni-
cal principles behind. The cognitive dimension expresses the mental models, beliefs and 
perceptions that frame our reality and the vision for the future (Nonaka and Takeuchi 
(1995). Based on that, Nonaka and Takeuchi (1995) developed a knowledge management 
model explaining how to make tacit (implicit) knowledge explicit in organisational devel-
opment. They explain the exchange of knowledge with the SECI-Model which stands for 
Socialization, Externalization, Combination, and Internalization (qv. Next chapter on 
knowledge management).  The differentiation between explicit and tacit knowledge is simi-
lar to the notion of Fowler and Ubels (2010) who state that capacity can be tangible (e.g. 
individual skills or organisational structures) and intangible (attitudes, values, cultural back-
ground). These points imply that tacit knowledge is important for solving societal prob-
lems, as described in Schön’s (1983) reflection-in-action process. 
Yet, for explaining successful development outcomes sufficiently, Sveiby (1997 in Alaerts 
2009) mentions that instead of knowledge alone it should be referred to “capacity-to-act” 
or “competence”. Alaerts (2009) concludes that an interaction between problem solvers 
and problem bearers for adapting and enhancing the knowledge of practitioners is worth-
while. This is also in accordance with Schön (1983), who states that reflective practitioners 
are needed, i.e. a process between action and reflection or as Alaerts (2009) similarly states 
a process between knowledge and questions (qv. chapter 4.1.1 ). These points clearly show 
the connection between knowledge and capacities (Alaerts et al. 1991), which is further 
described in the following chapters. 
3.2.2 Knowledge management 
Existing knowledge within organizations is often not used completely for decision making, 
since it is not known, which knowledge is available. Moreover, the exchange of employees 
often leads to a loss of knowledge. And frequent changes within the staff is particularly a 
problem in developing countries (“brain-drain”) and thus also in their water management. 
On the other hand, an information overload exists nowadays that leads to stress within 
employees reducing quality of work and job satisfaction. Massive and uncontrolled data 
and information acquisition does not necessarily lead to an improved knowledge base 
(Davenport and Prusak 1998). In fact, employees could be unable to act, if too much in-
formation is available and not structured. Therefore, appropriate knowledge management is 
needed that facilitates and structures the handling of data, information and knowledge, as 
well as the transformation from implicit to explicit knowledge as for instance described by 
Nonaka and Takeuchi (1995) in the SECI-Model. However, several other knowledge man-
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agement concepts exist, inter alia the knowledge management cycle from Probst et al. 
(2003). 
The interrelation between data, information and knowledge is also mirrored in the ad-
vancement from data organization to database management to information management 
and decision support systems (DSS) and eventually to knowledge management as described 
in various articles (e.g. Bullinger et al. 1997 in Lehner 2012).  
Knowledge management (KM) supports organizations in acquiring, developing, processing, 
sharing, storing and application of knowledge and thus strengthens learning processes 
within organizations (Lehner 2012). Important processes are the multiplication of knowl-
edge, i.e. the exchange of experiences (lessons learnt) and disseminating existing knowledge 
(best practice) as well as innovation, i.e. the development of new knowledge. KM can be 
regarded from various different disciplines, as for instance a technical perception would be 
more about information or knowledge management systems, whereas a human centred 
perspective would focus on improving organizational issues, e.g. for facilitating knowledge 
exchange of employees by initiating a “culture of knowledge sharing”. According to Lehner 
(2012), integrative approaches that combine the technology oriented and the human oriented 
approaches are promising and several concepts for aligning both are developed in recent 
years (e.g. Probst et al. 2003, Nonaka 1991, Nonaka and Takeuchi 1995, in Lehner 2012). 
That means that human abilities for handling knowledge have to be combined with infor-
mation technologies. According to Lehner (2012), however, no solutions for real integra-
tive KM are available up to now. 
One challenge for KM is the organizational structure, i.e. processes and regulations struc-
turing working processes within an organization. They can be hierarchical and functional or 
more cooperative and thus less hierarchical.  However, it has to be mentioned that organi-
zations always have a functional and a political dimension, as well as an internal and exter-
nal dimension (EC 2011, Table 6). That means that formal organizational structures are in 
place, but that informal structures often play an important role, as for instance the official 
supervisor versus an informal leader that may even have higher influence than the official 
leader. Another example is the difference between working through official channels and 
informal ways. That means that formal organizational structures as well as informal proce-
dures have to be taken into account when developing KM. A “culture of knowledge man-
agement” has to be established within the organization. Without such a culture, the applica-
91 Conceptual framework 
 
 
tion and constant utilization of technical solutions like information systems cannot be 
guaranteed. 
Table 6: Dimensions of organisations 
 Internal Dimension External Dimension 
Functional Dimen-
sion 
e.g. strategies, management 
instruments, structures, work 
processes, hierarchy 
e.g. legal framework, formal ac-
countability requirements, timeli-
ness of data 
Political Dimension e.g. leadership, rewards, sanc-
tions, conflicts, incentives,  
vested interests 
e.g. political governance, pressure 
from public, media attention, 
vested interests 
Source: Based on EC (2011) 
Thus, the development process of information or knowledge management systems needs 
to involve the relevant employees and departments from the very beginning so that they 
concern themselves with the topic and integrate their suggestions. 
3.2.2.1 Knowledge networking 
Knowledge networking is a human collaboration process that supports social learning, and 
especially the horizontal learning between peers (Parcell 2010). Social networks were always 
important, however, due to improved ICTs their significance skyrocketed and simultane-
ously collective wisdom becomes more important as described in Surowiecki (2004). 
Knowledge networking is therefore not only about individual learning but more impor-
tantly about connecting many people so that they exchange knowledge and thus mutually 
developing capacities by joint learning (Parcell 2010). Knowledge networking can be there-
fore considered as a CD technique, which can have advantages in terms of costs, speed and 
scale compared to other methods like training or expert advice (Parcell 2010). Effective 
knowledge networks need three dimensions (Parcell 2010): 
i. a community of people that work together and develop mutual commitment. Im-
portant is diversity of group members as well as trust as the basis for knowledge 
exchange. Trust is needed because humans are reluctant to admit that they have dif-
ficulties in solving a problem or some people think that their experiences are not 
worth sharing them. Above that, reciprocity is an important attribute, i.e. that net-
work members share knowledge and do not expect a reward apart from honouring 
their contribution and validation of their knowledge; 
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ii. a focused topic of knowledge that correspondents to the goals of the participants. 
The topic should not be too general, and the community establishes what is already  
known and what should be known, e.g. by doing self-assessments (qv. chapter 3.2.5 
on capacity assessments); 
iii. organizational processes to connect members so that they can collaborate (qv. co-
ordination mechanisms, chapter 3.1.16). That means defining schedules for regular 
interactions (face to face and virtual), how to package the available knowledge and 
how to navigate through it, defining a facilitator and the life cycle of the network, 
clarifying “rules of the game” and the purpose of the network. 
Parcell (2010) further states that knowledge networks capture not only the understanding 
of the knowledge, but also the application of the knowledge, i.e. the experiences. Thus, 
explicit as well as tacit knowledge is available and can be distributed between the partici-
pants. This dispersion of knowledge is facilitated by improved communication means, as 
for instance social networks like Facebook or LinkedIn that permeate humans’ lives. Yet, 
Parcell (2010) demonstrated that there are also obstacles that impede knowledge network-
ing, as for instance hierarchy and organisational issues, actors’ unwillingness to learn and 
change, time constraints, or considering knowledge as power. 
The importance of communities of practice and knowledge networks within the water sec-
tor is described by Luijendijk and Lincklaen Arriëns (2009), highlighting that it can support 
knowledge generation and sharing, as well as capacity development (qv. chapter 3.1.16). 
3.2.3 Knowledge management systems 
Knowledge management systems (KMS) are the ICT support for the above described 
knowledge management within organizations. As a matter of fact, ICT supports new forms 
of organizations and its structure, yet, the technology alone is not sufficient. According to 
Lehner (2012), KMS differ from information systems, if they integratively combine and 
attune the following points:  
- Adaptation to current and future socio-economic developments 
- Output of goods and/ or services 
- Communication with the exchange of relevant information 
- Motivation of humans for target-oriented behaviour 
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3.2.4 Capacity and CD 
As mentioned above, CD emerged as new development approach within the development 
cooperation in the late 1980s (Table 5) and is since then a widely used term; yet, its exact 
meaning is still unclear for some actors despite the manifold definitions as described in 
Table 7. Uncertainty and confusion around this term still exists and it has been often misin-
terpreted as being only about training and education for individual humans. Yet, the under-
standing of the concept of CD is gradually shifting and it is nowadays more and more con-
sidered as a comprehensive concept that deals with societal and political challenges 
(ECDPM 2009; Ubels et al. 2010a, b) on several levels often differentiated into individual 
level, organisational level and enabling environment/ system level (Lopes and Theisohn 
2003, Alaerts 2009; Visser 2010; qv. chapter 3.2.4.2). Current developments show that 
some authors extend that approach and integrated civil society as additional level (Alaerts 
and Kaspersma 2009; Wehn de Montalvo and Alaerts 2013). Furthermore, capacity devel-
opment has to distinguish not only between levels of human organisation, but also between 
geographic, respectively administrative levels, e.g. communities, districts/provinces, and 
nation state (Visser 2010).  
3.2.4.1 Concept and definition of capacity and CD 
A variety of different definitions for capacity and capacity development exists depending 
on the different theoretical or political backgrounds or the different foci of the authors or 
organisations towards the different aspects of capacity. The different perspectives as well as 
similarities can be seen in Table 7 and Table 9. However, most of the definitions have in 
common that they refer to the ability of human systems with several levels to perform well 
for achieving objectives. Some authors (e.g. Morgan 2006; ECDPM 2009a) state that ca-
pacity is an emergent property, i.e. that capacity is more than its elements and that it 
emerges out of uncontrollable and hardly predictable processes (qv. chapter 3.2.4.3 on CD 
processes). Of course, the definitions of capacity as displayed in Table 7 are interrelated 
with or extended by the definitions of capacity development as summarized in Table 9. As 
mentioned above, the water sector was one of the first sectors with a practical definition of 
capacity and capacity development, which acknowledged also the entity of capacity and 
knowledge (Alaerts et al. 1991). Correspondingly, this thesis refers to the definition and 
work of Alaerts (2009) and Alaerts and Kaspersma (2010) which is particularly apt for the 
context of water resources management: “Capacity can be defined as the capability of a so-
ciety or a community to identify and understand its development issues, to act to address 
these, and to learn from experience and accumulate knowledge for the future.” We utilised 
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this definition also for the capacity development process in our Ukrainian case study, as for 
instance during our capacity assessments and translated it into Ukrainian language. There 
are different types of capacities, with several existing classifications, as for instance the differ-
entiation in hard and soft capacities or technical/functional and social/relational capacities 
as described by Pearson (2011). 
Table 7: Selection of capacity definitions 
Capacity definitions Author/organisation 
“Capacity comprises well-developed institutions, their managerial systems, 
and their human resources, which in turn require favourable policy environ-
ments, so as to make the [water] sector effective and sustainable” 
1991 Delft declaration  
(Alaerts et al. 1991) 
“An organisation with capacity has the ability to function as a resilient, stra-
tegic and autonomous entity” 
Kaplan (1999) 
“Capacity is potential to perform” Horton et al. (2003) 
“Capacity represents the potential for using resources effectively and main-
taining gains in performance with gradually reduced levels of external sup-
port” 
LaFond and Brown (2003) 
“The ability of individuals, institutions and societies to perform functions, 
solve problems, and set and achieve objectives in a sustainable manner” 
OECD (2006) 
“Capacity is that emergent contribution of attributes that enables a human 
system to create development value” 
Morgan (2006) 
 “Capacity as that emergent combination of attributes, assets, capabilities and 
relationships that enables a human systems to perform, survive and self-
renew” 
Baser and Morgan (2008) 
“The availability of resources and the efficiency and effectiveness with which 
societies deploy these resources to identify and pursue their development 
goals on a sustainable basis” 
Otoo et al./ WBI (2009) 
“Capacity can be defined as the capability of a society or a community to 
identify and understand its development issues, to act to address these, and 
to learn from experience and accumulate knowledge for the future.” 
Alaerts and Kaspersma 
(2010) based on Alaerts 
(2009) 
“Capacity comprises the sum of the capabilities of a group, organisation or 
network; the ability of the group or organisation to learn and adapt, and the 
performance of the organisation in delivering good research and having an 
impact on policies and practice” 
DFID (2010) 
“Capacity is the ability of human system to perform, to sustain itself and self-
renew” 
Ubels et al. (2010) 
“The ability of individuals, institutions, and societies to perform functions, 
solve problems, and set and achieve objectives in a sustainable manner”  
UNDP (2010) 
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Another classification is into visible and invisible capacities, as e.g. done by Kaplan (1999), 
where visible relates to materials, skills, or organizational structures, and invisible means 
that this type of capacity can be only observed through effects, e.g. vision or strategy of an 
organisation. Fowler and Ubels (2010) classify capacities into tangible and intangible ca-
pacities, mentioning that only a small part of capacity is tangible, for instance individual 
skills or organizational structures. A much larger part of capacity is intangible, for example 
attitudes, values and cultural backgrounds. Additionally, Lopes and Theisohn (2003) em-
phasize that underlying capacities as for instance ownership, leadership, knowledge net-
working exist that are needed for improving the overall effectiveness of CD. Even if there 
are slight differences between these classifications, I will subsume them for the sake of 
clarity into hard capacities comprising categories like technical, functional, visible and tangi-
ble, and soft capacities comprising social, relational, intangible and invisible differentiated on 
the respective level of capacity (Table 8). Within hard capacities also explicit knowledge is 
subsumed and implicit knowledge into soft capacities. Obviously, a combination of both 
capacities (hard and soft) is needed for long lasting and sustainable capacity development. 
Table 8: Types of capacity 
Level of capacity Hard capacities Soft capacities 
Individual Hard skills and competencies 
 
Interpersonal and relational skills (soft 
skills): Leadership, ownership, facilitation, 
team-work, effective communication, deci-
sion-making, problem solving, networking 
Explicit knowledge  Implicit knowledge (know-how), experi-
ences, attitudes, values 
Adaptive capacities (self-reflection, learning 
from experiences) 
Organisational Organisational structures and strate-
gies 
Culture and values 
Human resources Adaptive capacities  and change manage-
ment (analyse and adapt) 
Management with planning, action, 
monitoring and evaluation 
Knowledge networks 
Materials as support for capacity 
(Infrastructure like monitoring sys-
tems, DSS or KMS, or analytical 
apparatus, equipment) 
Vision 
Systemic Legislation, policies Cultural backgrounds, adaptive capacities 
(participation, empowerment) 
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A generally accepted universal definition for capacity development is not available. Fowler 
and Ubels (2010) accentuate that capacity is about real-life issues and about fostering the 
livelihoods of humans. This demonstrates that it is questionable, whether a general defini-
tion is essential at all, since capacity development is always context-specific and therefore 
also the definition should reflect that. Yet, most capacity development definitions have in 
common that they refer to endogenous processes at multiple societal levels for reaching 
development objectives (Table 9). Within this thesis, we stick to the UNDP (2009) defining 
that CD “refers to the process through which individuals, organizations and societies ob-
tain, strengthen and maintain the capabilities to set and achieve their own development 
objectives over time”. 
Table 9: Definitions of Capacity Development 
Furthermore, there is also a wide range of theoretical propositions and methodologies that 
correspond to principles and processes of capacity development, yet they do not use explic-
itly this terminology. One example would be the concept of transdisciplinary research, 
which subsumes interdisciplinary research that is jointly conducted together with stake-
holders within a research project for achieving knowledge exchange and development 
(Pohl and Hirsch Hadorn 2007, Mollinga 2010, Hornidge et al. 2010; qv. chapter 4.2). In 
fact, transdisciplinarity is a means for capacity development (Scholz 2011). 
3.2.4.2 Multi-level approach 
In terms of the manifold problems that are faced today, organisations and people working 
within organisations are part of the problems as well as part of the solutions. Literature on 
Definitions of Capacity Development Author/organisation 
The processes whereby people, organisations and society as a whole 
unleash, strengthen, create, adapt and maintain capacity over time. 
OECD (2006; 2010) adopted inter 
alia by GIZ, ADB, FAO 
“Refers to the process through which individuals, organizations and 
societies obtain, strengthen and maintain the capabilities to set and 
achieve their own development objectives over time”. 
UNDP (2009) 
“Approaches, strategies, or methodologies used by USAID and its 
stakeholders to change, transform, and improve performance at the 
individual, organizational, sector, or broader system level” 
USAID 
A locally driven process of learning by leaders, coalitions and other 
agents of change that brings about changes in socio-political, policy-
related, and organizational factors to enhance local ownership for and 
the effectiveness and efficiency of efforts to achieve a development 
goal. 
Otoo et al./ WBI (2009) 
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organisation development and changes in the workplace are often based on the work of 
Kurt Lewin on action research (Bradbury et al. 2008; chapter 4.1), as well as on Schön’s 
(1983) reflection-in-action. Bradbury et al. (2008) further describe the consensus statement 
of a meeting with representatives inter alia from universities, NGOs, World Bank, UN that 
dealt with the question, how the way of organizing work together can be changed for a 
sustainable future. Two out of the five main statements are that social change has to: “ad-
dress immediate needs, linking them to larger, systemic issues and raise awareness of how 
social systems support and resist change” (Bradbury et al. 2008). These points clearly imply 
that multiple levels (e.g. individual, organisational) are needed for successful social change, 
as well as to relate single problems to contextual factors and the system level. 
Therefore, contemporary CD focuses on individual competencies, but also on organiza-
tional development and the enabling environment, i.e. applying a multi-level approach 
(Lopes and Theisohn (2003); van Hofwegen (2004); OECD (2006); Alaerts (2009); Visser 
(2010). We stick to the multi-level approach without explicitly using civil society as a fourth 
level as proposed by Alaerts and Kaspersma (2009) or Wehn de Montalvo and Alaerts 
(2013). The importance of the civil society justifies the explicit mentioning of this level, yet 
it is according to our perceptions already integrated in the level of the enabling environ-
ment as suggested by Alaerts (2009). Within this multi-level approach, the different levels 
are mutually interdependent as indicated by the grey shaded arrows in Figure 25 in chapter 
7. CD on the individual level is further not just about water management competencies, but 
also emphasis on the relationship to government processes as well as underlying capacities 
(‘‘soft skills’’) like leadership development, trust generation or negotiation skills. And as van 
der Zaag (2005) mentions that a new generation of water managers need to be educated. 
For that, also new teaching techniques are needed. In terms of organisational level, water 
related organisations need CD in order to get the capability to adapt and self-renew (Baser 
and Morgan 2008), i.e. that these organisations are resilient towards emerging problems and 
consequently are able to continuously develop solutions to encounter such challenges. And 
it is also important to improve the societal and system level, i.e. the enabling environment, 
or as Lusthaus et al. (2020) clearly state that organisations do not act in vacuum. And also 
Ernstorfer and Stockmayer (2009) emphasize the need of capacity development for good 
governance. Chapter 7.3.2 describes the multi-level approach in detail.  
3.2.4.3 Process of CD and its implementation 
Capacity development is about shifting from one state of capacity to another state, thus it is 
as Baser (2009) describes about the “dynamics of change- organisational, institutional, per-
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sonal, political and logistical”. This clearly shows that CD has to be considered as a proc-
ess. Three approaches to CD are stated in literature, planned approaches, incremental ap-
proaches and emergent approaches (Baser 2009; ECPDM 2009). The first means that CD 
is precisely planned with clear steps to be executed and results being evaluated against ex-
plicit objectives. It is a reasonable approach, when goals and means are clear to all involved 
stakeholders and when they all have the capacities to implement solutions (Land et al. 
2009). But natural resources management, especially in development cooperation, is often 
complex and characterized by uncertainty, and potentially by low capacities and weak insti-
tutional structures so that goals and means frequently remain unclear at the beginning. In 
such situations, Land et al. (2009) argues that the CD approach may need to be more in-
cremental or emergent. The emergent approach is based on the assumption that capacity 
development can hardly be planned and thus objectives cannot be set. But instead, capacity 
develops out of unplanned and complex processes like networking (Baser 2009). Incremen-
talism combines characteristics from the planned as well as from the emergent approach 
(Land et al. 2009). It considers objectives and the strategy more as guidelines for structur-
ing the implementation of the capacity development without defining explicit objectives, 
but being flexible and adaptive within implementation (Bea and Haas 2005: Baser 2009)27. 
As Baser (2009) mentioned, each approach can be useful in specific circumstances, but one 
approach alone has not the power to change complex systems so that a combination is 
frequently more effective. Thus, change processes within complex situations need to be of 
an adaptive and cycling nature and have to be integrated into local development plans. Ac-
cordingly, we, i.e. the IWAS team, basically used a strategy that is based on an incremental 
approach. An example for emergent properties of our approach can be displayed by CD 
measures like seminars on wastewater tariffs that were planned and conducted for several 
water service providers in Western Ukraine. Through this CD measures also networking 
capacities emerged among the water service providers with exchange of experiences. We 
took this up, adapted our strategy (incremental approach) and further facilitated this proc-
ess by strengthening their association, e.g. through supporting working groups on various 
topics, as well as through strengthening their political clout on national level, e.g. through 
initiating a working group with the responsible ministries. This was also supported through 
high-level meetings between German and Ukrainian government representatives, where the 
                                        
27 A football match is a striking example in favor of incrementalism: If the team has a predefined exact strate-
gy and plans the whole game without adapting to changes (e.g. tactics of opposing team or a dismissal), its 
chances of winning the match are certainly reduced.  
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German actors emphasized the needed strengthening of the wastewater sector as well as 
the sector associations.  
Our approach is based on the CD process from UNDP (2008; 2009: Figure 13) for struc-
turing the capacity development, which is described in detail in chapter 7.3.3, as well as 
below. Within the Ukrainian case study, we developed a joint CD process together with 
regional and national stakeholders that was based on the UNDP approach (Figure 21) and 
which was gradually modified during the course of the project and eventually aligned with 
the IWRM process in Ukraine. In fact, the CD-strategy was considered as guideline with 
objectives that structures the implementation of the capacity development, but being flexi-
ble for reacting on changes (incremental approach).  
Figure 13: Modified UNDP capacity development process 
 
3.2.5 Capacity assessment 
In general, assessments are reasonable as a basis for making sound decisions, respectively 
to improve decisions, which will eventually also improve the performance. Assessments are 
thus the basis for evolving from a current state to a desired state, and accordingly, assess-
ments describe the baseline against which performance improvement can be measured. As 
a matter of fact, development cooperation or any other wanted improvement needs to be 
based on the existing capacities in order to develop adequate and effective assistance with-
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out negatively influencing the existing system. As shown in Figure 13, the assessment is 
conducted after the engagement of stakeholders and the definition of goals and before the 
planning, implementation, monitoring and evaluation. 
Capacity Assessment is defined by UNDP (2009) as an “analysis of desired capacities 
against existing capacities and offers a systematic way of gathering critical knowledge and 
information on capacity assets and needs.” Furthermore, they define that capacity assets 
refer to existing capacity “in a given system, organization or unit that can be strengthened, 
built up on and optimized” (UNDP 2009). The gap between existing and desired capacities 
is thus identified according to gathered information and should not be based on assump-
tions or preconceived solutions. The gap describes the needs, which have to be balanced 
with the wants of the stakeholders, e.g. their preferred methods or solutions. As an exam-
ple, during the capacity assessments within the case study, actors from monitoring authori-
ties wanted to have a fully automated online monitoring system for the water quality in the 
Western Bug River. Yet, during the discussions it became clear that this is neither a feasible 
option, nor a necessary one at that moment, since other issues are more urgent, as for in-
stance the intercalibration of measuring methods.  
Concurrently, a CD strategy has to be developed with the identification of possible solu-
tions and instruments for reaching them (e.g. training, knowledge exchange or technical 
equipment). According to the CD-process from UNDP (2008), the strategy development is 
already a proceeding step; yet, real capacity assessments conducted in the field, commonly 
comprise the assessment as well as the strategy and solutions development. Potential solu-
tions should be evaluated according to their political, social, financial, economic and envi-
ronmental feasibility. Additionally, it is essential to draft a work plan including schedule and 
commitment of stakeholders. It has to be noted that the described procedure for capacity 
assessment suits best for planned or incremental CD approaches.  
Instead of capacity assessment, also needs assessment is frequently used as a term for assessing 
capacities. Another term, though rarely used, is gap analysis; yet it is rather a method for 
conducting capacity assessments. Needs assessment is defined by Rossett (1987, in Watkins 
et al. 2012) as “The systematic study of a problem or innovation, incorporating data and 
opinions from varied sources, in order to make effective decisions or recommendations 
about what should happen next.” Needs assessments are according to Watkins et al. (2012) 
important for interdisciplinary and combined solutions to complex problems, since under-
performing organisations are mostly the result of multiple problems or causes. He further 
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argues that “through their processes, needs assessments encourage you to identify, com-
pare, and- when appropriate- combine the activities that will best accomplish the desired 
results”. These definitions clearly show similarities, however the definition by UNDP 
(2009) focuses more on assessing the gap between desired capacities and existing capacities, 
and the definition by Rossett (1987, in Watkins et al. 2012) also emphasizes that the as-
sessment is the basis for decision making. Thus, the two concepts complement each other. 
The content and the scope of capacity assessments obviously depend on the project and its 
objectives. Yet, it should normally mirror the above mentioned multi-level approach for 
getting a holistic view on the situation. Capacities reside within individuals or within or-
ganisations, but they are also shaped by the context, which is related to the above men-
tioned enabling environment. Thus, it is always essential to consider the context that pro-
vides positive and negative incentives to act, i.e. either fostering development or productiv-
ity and others fostering passivity or decline (European Commission 2007). 
Detailed descriptions on how to conduct capacity assessments are provided by UNDP 
(2007) as well as Watkins et al. (2012). 
3.2.5.1 Stakeholder analysis 
The basic first step within, respectively before a capacity assessment is a stakeholder analysis 
(Step 1 in Figure 13), i.e. according to Morgan and Taschereau (1996) to identify relevant 
stakeholders and analyze their relative power, influence and interests so that the importance 
of each stakeholder towards the development outcomes can be assumed, respectively as-
sessed. Hereby, additional institutional or governance analyses are often necessary. Espe-
cially important is to identify stakeholder that have high power and high interests towards 
the development, since they can be the “game-changer” needed for successful projects.  
The advantages of stakeholder analyses are that (I) it is a relatively simple process, (ii) it can 
support project design and identify potential proponents and opponents of the project, (iii) 
it can support the identification of appropriate forms of stakeholder participation and (iv) 
ownership of actors is potentially created and analytical capacity is strengthened if the 
analysis is conducted with local partners (Morgan and Taschereau 1996). Additionally, it 
assures that no key actor is left out and it facilitates actors’ commitment to project imple-
mentation. Yet, disadvantages are that (I) stakeholders as well as their influence, power and 
interest can change, (ii) assessing the influence of stakeholders is difficult, and (iii) covert 
interests and hidden agendas are difficult to discover (Ibid.). Stakeholder and institutional 
analyses are essential, because they facilitate the identification of the necessary scope of the 
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capacity assessment for reaching the goals. Another challenging question is about who 
should participate, i.e. being invited, in the capacity assessment. On the one hand side, the 
participation of all relevant actors assures transparency, the inclusion of all topics, and it 
could enhance the commitment for change. On the other hand, broad stakeholder partici-
pation (or the participation of upper and lower management) may lead to the avoidance of 
sensitive problems or to escalating conflicts. Participants may also expect that being in-
volved in the assessment means to be involved in the further CD process and that CD 
measures are developed for them. But the results of a capacity assessment might suggest 
that there is no priority of capacity development for a specific actor group. 
Worth mentioning is also that broad participation is frequently a lengthy process, especially 
if many conflicting interest emerge. Thus, additional costs for resources occur (time, staff). 
It can be concluded that the decision on whom to integrate into capacity assessments is a 
vital one, which can have positive or negative implications for the whole project, so that 
this decision has to be carefully taken. 
3.2.5.2 Methods and tools for capacity assessment 
There are many methods tools available for conducting capacity assessments. Watkins et al. 
(2012) describes tools and techniques for needs assessment and subdivides them into tools 
for data collection and tools for decision making, which is similar to the subdivision I have 
done for our methods in chapter 5.8 into data collection and data analysis methods. That 
means it is important to use first information gathering tools and then tools for data analy-
sis and prioritisation, and eventually techniques for decision support. And for each part, 
multiple tools and methods should be used, and triangulated as described in chapter 5, so 
that the validity of the results can be improved. The choice of methods and tools that are 
reasonable for a particular capacity assessment depends on many variables like the experi-
ences of the team, available resources, small or large groups, qualitative and/ or quantita-
tive results needed, etc. That means it is not an easy task and “more of an art than a sci-
ence” as mentioned by Watkins et al. (2012). Examples for tools that can be used are found 
in  Table 10 and are described in Watkins et al. (2012) including the purpose, application 
possibilities, advantages and disadvantages and how to conduct them. The methods and 
tools that have been used for our case study are described in detail in chapter 5.8.
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Information-Gathering Tools Decision-Making Tools 
Document or Data Review 
(review existing sources, e.g. documents, reports, data files for collecting 
independently verifiable data and information) 
Nominal Group Technique 
(a Group Consensus-Building and Ranking Technique; used to engage in consensus 
planning for prioritizing issues and making decisions) 
Guided Expert Reviews 
(reviews by expert to provide valuable external perspectives that can 
inform decisions and to provide balanced perspectives) 
Multicriteria Analysis 
(systematically provide a quantitative comparison across multiple options; assigning 
and weighing quantitative values to potential options and measures) 
Management of Focus Groups 
(collect information from a small group in a systematic and structured 
format; designed around a clear goal; participants interact with a facilita-
tor to gain valuable information related to both current results and de-
sired results) 
Tabletop Analysis 
(discussion-based activity in which a group of participants works with a facilitator iden-
tifying gaps in performance at several levels, e.g. individual, unit, organizational, sys-
tems; can identify, analyze, and evaluate potential solutions to a performance problem) 
Interviews 
(collect information from a single person; structured, semi structured and 
unstructured;  often provide in-depth context, stories, and discussion) 
Pair-Wise Comparison 
(used for priorization of multiple options by narrowing the options according to a set 
of agreed criteria; may be used to prioritize or rank needs or possible solutions; less 
complex than MCA) 
Dual-Response Surveys 
(collect information on current and desired performance) 
2 × 2 Matrix Decision Aids 
(to examine multiple perspectives on issues identified during a needs assessment) 
SWOT+ 
(define relationship among strengths, weaknesses, opportunities, and 
threats and to assign values to each of the items) 
Fishbone Diagrams 
(cause-and-effect diagram that can be used to identify the potential/ actual causes for a 
problem; providing a structure for a group’s discussion about the potential causes; 
illustrating and communicating the relationships among causes) 
World Café 
(collaborative conversations designed to get insights into pressing collec-
tive issues; participants circulate in the room and building upon one an-
other’s suggestions) 
Scenarios 
(exploring potential strengths and weaknesses of different combinations of interven-
tions; comparing benefits and risks of alternative scenarios for recommendations; most 
useful where number of possible directions is large or high uncertainty) 
Delphi Technique  
(to get insight from a group of experts in a structured way, reveal the 
areas where experts have consensus and to lead to a group decision, e.g. 
making recommendations; iterative process; can be used for data collec-
tion and decision making) 
Root Cause Analysis 
(tool for examining the contributing factors that are preventing current achievements 
from matching your desired accomplishments; determines which processes, proce-
dures, tools, or policies (or combination) are limiting performance) 
Table 10: Tools for capacity assessment 
Conceptual framework 104 
 
 
 
 
3.2.6 Performance Observations 
(document the steps, procedures, tools, and decisions used to accomplish 
current performance) 
Fault Tree Analysis 
(step-by-step procedure to identify, evaluate, and quantify potential problem causes for 
a failure in a system and to determine strategies for preventing these causes; visual 
representation identifying causes, the relationships between the causes, and the priori-
tized prevention strategies.) 
Task Analysis 
(hierarchical or sequential, if–then, and model-based; systematically de-
scribe, document, and analyze activities, procedures, processes, and re-
sources that are used by individuals or groups to accomplish current 
results; a task analysis process parallels the performance analysis process 
although the former begins with the results currently being achieved, 
whereas the latter begins with the desired results that should be accom-
plished) 
Future Wheel 
(to assist participants analyze and explore effects of a trend, future event or issue; use-
ful tool for conducting structured brainstorming, determining needs, planning strategi-
cally, and building consensus; it is a graphic depiction with the future event in a circle 
in the center, the first-order effects in the first circle out from the event, the second-
order effects in the second circle out from the event, and so on; last circle is about 
implications and opportunities) 
Cognitive Task Analysis 
(focus on the psychological processes underlying the completion of a 
task; define the decision requirements and psychological processes used 
by expert individuals in accomplishing results) 
Concept Mapping 
(visual representation, i.e. a map, of concepts or ideas and to illustrate their relation-
ships; especially useful when complex relationships exist between elements; also called 
mind map) 
 
 Performance Pyramid 
(ensuring that all aspects of the performance system are considered; to provide struc-
ture when identifying/ analyzing  needs, and deciding what to do to improve perform-
ance) 
Source: Assembled based on Watkins et al. (2012 
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3.2.7 Frameworks and models for assessing capacities 
There are several frameworks and models available for assessing capacities in the academic 
and non-academic fields of capacity development, e.g. the Community Development Re-
source Association’s approach (Kaplan 1999), outcome mapping (Earl et al. 2001), the 
framework for organisational assessment by the Inter-American Development Bank (Lust-
haus et al. 2002), the 5Cs framework to assess organisational capacity (ECDPM; Baser and 
Morgan 2008), the World Bank capacity development and results framework (CDRF) 
(Otoo et al. 2009), the adaptive capacity wheel (Gupta et al. 2010), the  UNDP approach to 
measuring capacity (Lopes and Theisohn 2003; UNDP 2008; 2009), the Capacity Devel-
opment Strategic Framework developed by the African Union (AU)/New Partnership for 
Africa’s Development (NEPAD 2009) are only some approaches to assess capacity. How-
ever, Kaspersma (2013) stated that scientific and development challenges still exist in the 
assessment of capacity development. Important is also to differentiate between the assess-
ment of capacities within a capacity development process (capacity assessment) and the as-
sessment of an overall capacity development process. 
A literature review on the different available approaches showed that many approaches 
exist that are operational but having a simplified view on capacities (e.g. focusing on train-
ing), or approaches that are more holistically describing the complex reality, but are difficult 
to implement. Lusthaus et al. (2002), for instance, developed a framework for in-depth 
organisational assessment based on (i) measuring organizational performance, (ii) under-
standing the organization's external environment, (iii) determining organizational motiva-
tion, and (iv) examining organizational capacity. The approach is appropriate for organisa-
tional capacity assessment, but it seems less appropriate for a profound assessment of indi-
vidual and systemic capacities, which is, as mentioned above, essential. Kaspersma (2013) 
provides a good summary on existing models for capacity assessment and describes pros 
and cons of the different approaches. In the following, I draw on capacity assessment 
frameworks that influenced our work on capacity assessment within the realm of this the-
sis. 
As conceptual basis for our capacity development activities, we applied the KCD conceptual 
model developed by Alaerts and Kaspersma (2009) and adapted by Kaspersma (2013) and 
based on previous work by Alaerts, e.g. Alaerts et al. (1991), Alaerts (1999). The approach 
explicitly focuses on applying a multi-level approach, as well as clearly describing the se-
quences for the nested levels. That means that each particular level is related to the specific 
“nature” of knowledge and capacities (e.g. skills), how they can be developed with tools 
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and mechanisms (e.g. training or change management), the indicators or attributes for as-
sessing them (e.g. technical competences), as well as the outcomes of the development 
process, e.g. new individual capacities (new skills). Since this is a nested model, the model 
specifies the (simultaneous) outcomes for each level that are the basis for the overall (wa-
ter) sector performance. 
3.2.7.1 Capacity development process from UNDP 
The concrete process for implementing CD was done in accordance with the above mentioned 
CD process from UNDP (2008; 2009). The process was slightly modified (Figure 13), yet, 
this is in accordance with the UNDP capacity assessment methodology that explicitly de-
mands to adapt the process to the context. The process starts with  
 a situation analysis (stakeholder and institutional analysis),  
 engagement of stakeholders (participation and commitment of key stakeholders, i.e. 
ownership and accountability) and strengthening the relational capacities of stake-
holders 
 setting/ priorization of preliminary targets.  
The next step is the capacity assessment. It is a systematic method for identification of ex-
isting and missing capacities and constitutes the baseline for measuring progress. It is an 
essential step for delineating a CD strategy and measures and for the prioritisation of ca-
pacity needs and measures. Essential for a sound capacity assessment is the participation of 
key stakeholders in defining the scope of the assessment, its implementation as well as the 
analysis of the findings (UNDP 2009). The UNDP capacity assessment framework consists 
of technical and functional capacities (e.g. capacity to evaluate) and three points of entry, 
mirroring the multi-level approach, which allows the combination with the above men-
tioned KCD conceptual model of Alaerts and Kaspersma (2009). The UNDP framework 
also consists of core issues (institutional arrangements, leadership, knowledge, accountability). 
Institutional arrangements relate to the (i) institutional context within which an organization 
works, as well as to the (ii) internal challenges of an organization. The first (i) addresses 
thus policies and procedures needed for organizations to work. Furthermore it comprises 
the organizational role within the public sector architecture including coordination mecha-
nisms with other organizations. The latter (ii) deals with internal issues like human re-
sources management (including motivation through direct and indirect incentives for staff) 
or financial and technical management, i.e. it deals with the organizational effectiveness 
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(UNDP 2009). Hence, the core issue institutional arrangements resemble the organizational 
level and the enabling environment of the KCD model from Alaerts and Kaspersma (2009). 
Leadership is another core issue, which is decisive for achieving development objectives. 
Leadership development should be aligned to other development activities and should also 
reflect the multi-level approach, including vision development, hands-on activities, mentor-
ing, career management and continuous learning (UNDP 2009). Knowledge as the third core 
issue is the basis of capacity. Alaerts (1999), for instance, acknowledges the high relevance 
of knowledge by introducing the term knowledge and capacity development (KCD). Knowledge 
can be improved through training, education and exchange of experiences, resembling the 
individual level of the KCD model. But also education policies have to be assessed and 
potentially rearranged, which is part of the systemic level of the KCD model. Additionally, 
knowledge sharing mechanisms and access to knowledge is of outmost importance for CD. 
Accountability as core issues is important, since it can lead to better performance and effec-
tiveness by helping to monitor and adapt the behavior of systems, organizations and indi-
viduals (UNDP 2009). Accountability means that individuals and organizations are held 
responsible for executing their work correctly, whereas vertical and horizontal accountabil-
ity exists. Vertical accountability means that state actors are accountable to the citizen e.g. 
through elections or an active civil society. Horizontal accountability means that govern-
ment organizations are checked by other government agencies as for instance by the juris-
diction or auditing agencies. In terms of development cooperation this can include ac-
countability between donors and receiving countries. Also internal accountability of organi-
zations is an important factor. Accountability is often impacted by corruption or power 
asymmetries. Development measures could include the strengthening of monitoring and 
evaluation, developing enforcement mechanisms, participatory planning, enhancing access 
to information and other measures for strengthening civil society (UNDP 2009). 
After the assessment, the next step is to formulate a CD strategy and measures28. They have 
to be based on existing capacities and should include short- and long term responses. 
Measures should reflect the above mentioned core issues and an increased effectiveness 
can be assumed, if combined across core issues and levels of capacity (UNDP 2009). Addi-
tionally, it is important to calculate required funding, be transparent while delineating 
measures, as well as developing indicators for measuring progress. 
                                        
28 CD measures are called CD responses within the UNDP approach. UNDP (2009) defines a capacity devel-
opment response as “an integrated set of sequenced actions embedded in a programme or project to address 
one or more capacity development core issues.” We use the term capacity development response synony-
mous to measures. 
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The proceeding step is the implementation, which should not be a parallel process, but 
instead should be embedded into the overall project process, and implementation should 
be done through national systems and processes (UNDP 2009). And it has to be under-
lined that implementation of responses means change and change means threats as well as 
opportunities, so that political dynamics and relationships have to be considered (UNDP 
2009).  
The last step is the evaluation of the capacity development, which is necessary for learning 
and thus adaptation and performance improvement, as well as improving accountability 
(UNDP 2009). Measurement of capacity development is more than an evaluation of input 
resources (e.g. human or financial resources). Improved capacity is reflected by changes in 
the core issues; yet, it is difficult to establish a direct cause and effect relation between a 
particular CD measure and a change in the core issues. And some capacities are difficult to 
measure at all or data are not available, e.g. on leadership development. An evaluation 
framework has to be designed in such a way that it respects the (un-) availability of data, 
and the available capacities and resources for using it (UNDP 2009). 
A detailed description of the single steps and how to conduct them in the field is available 
within the capacity assessment user guide from UNDP (2007). 
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4 Theoretical framework 
The full range of theories, which are relevant for the topic of the dissertation include indi-
vidual theories (e.g. learning, behaviour, etc.), group theories (e.g. formal and informal net-
works, rent seeking), organisational theories (e.g. organisational structures, performance, 
interorganisational cooperation), social theories (e.g. administrative science, systems theory, 
cultural, political, market economy), as well as theories that integrate several theories of the 
above mentioned like theories on decision making or theories on capacity development. 
It would go beyond the scope of this work, to explain all theories that are touched within 
this doctoral thesis. Therefore, only the essential theories will be explained in depth. If fur-
ther explanations are needed, they are mentioned directly where the theories are touched 
upon. And as Hartley (2004) mention, an initial theoretical framework is necessary, how-
ever during the course of the research, it may be modified due to new insights.  
4.1 Action Research 
There are different approaches to research namely qualitative, quantitative, and mixed 
methods (qv. chapter 5.1) which basically try to describe, explain or explore the world 
(events, situations, and context). However, most of those approaches do not emphasize 
that research should be connected to action. Since I assert that successful and sustainable 
research within real world settings should be always related to action, stakeholders need to 
be integrated into the research process instead of seeing them merely as “research subject”. 
Therefore, my thesis will draw on the ideas and theories form action research. 
The groundings of action research were developed by Lewin’s (1946) seminal work on ac-
tion research, in which he reasoned that it is not sufficient that universities create new in-
sights, but that research should lead to social action: “No action without research, no re-
search without action” (Lewin in Adelman 1993). However, Lewin (1946) clearly stated that 
this does not imply that the needed research is less scientific compared to “pure science”, 
even in contrary. He called for an integrated approach to social research thus setting the 
scene for mixed methods research as outlined in chapter 5.3. Lewin (1946) argues that real-
istic fact finding and evaluation are preconditions for any learning and that management 
should therefore be composed of a circular process of planning, action, and the evaluation 
of the results. Importantly, experiences convinced Lewin (1946) to consider “action, re-
search and training as a triangle”, because trained researcher are needed for improving ac-
tion. He mentioned that one of the most important prerequisites towards progress in the 
management of intergroup relations is to have scientists that can handle scientific issues, 
Theoretical framework 110 
 
 
 
but also can work in teams with practitioners (Lewin 1946; qv. chapter 4.2 on transdiscipli-
narity). This challenge of having this kind of trained personnel is more than ever an issue as 
described in this study. Action research should also overcome scientific “technocracy”, i.e. 
that scientists should not tell the stakeholders exactly what they should do and what not to 
do (Ibid.). Moreover, action research must include the active participation of stakeholders 
(Lewin in Adelman 1993). Therefore also the term participatory research is used for action 
research (Adelman 1993; Reason and Bradburry 2008). Argyris et al. (1985, in Adelman 
1993) underline the interrelationship between science and social practice, especially the 
relation between science and learning within the action context.  
Kemmis and Mc Taggart (1988 in Kemmis 2008) correspondingly define action research as 
“a form of collective self-reflective enquiry undertaken by participants in social situations in 
order to improve...their own...practices, as well as their understanding of these practices 
and the situations in which these practices are carried out.” Reason and Bradburry (2008) 
similarly define “action research is a participatory process, concerned with developing prac-
tical knowing in the pursuit of worthwhile human purposes. It seeks to bring together ac-
tion and reflection, theory and practice, in participation with others, in the pursuit of prac-
tical solutions to issues of pressing concern to people...” Action research projects are con-
ducted in cycles of action and reflection, where action means to test ideas and collect evi-
dence and reflection means to think collectively about the results of the action and to de-
velop further actions. Thus, the interactions between ideas and practice lead to improved 
results.  
Action research is only possible with, for and by stakeholders and should ideally include all 
stakeholders within the research planning as well as in the action (Reason and Bradburry 
2008). Action research is a development process, in which actors develop skills and gain 
new (practical) knowledge and in which actors develop new abilities to generate knowledge 
(Ibid.). This clearly links to the concept of capacity and capacity development and to the 
concept of adaptive management as described in the previous chapters 3.2 and 3.1.17.  
Reason and Bradburry (2008) argue that normal academic institutions focus on pure re-
search without practical questions. However, I think that this shows bias and that there are 
more and more academic institutions that direct their research to practical questions. Rea-
son and Bradburry (2008) further hold that the primary purpose of action research is not 
“to produce academic theories based on action...nor is it to produce theoretical or empirical 
knowledge that can be applied in action; it is...the search for a better, freer world”.  Besides 
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that this seems to be a deliberate provocation, indeed, I consider those points as essential 
for conducting sustainable research, which iterates between theories and practice as de-
scribed in chapter 5.3 on mixed methodology, as well as in the above mentioned defini-
tions. I even advocate that the combination of a profound scientific process with a partici-
patory process and linking scientists with stakeholders will deliver results that are credible, 
relevant and accepted (Leidel et al. 2014), which is actually the purpose of this thesis.  
The root of action research is participation; however this potentially also leads to chal-
lenges. Especially if many stakeholders are involved as for instance in water resources pro-
jects, participation may become difficult (qv. 3.2.5.1). Questions arise concerning the en-
gagement of stakeholders and to keep them in the continuous process of planning, action 
and evaluation (Reason and Bradburry 2008). Another challenge can be about drawing gen-
eralisations from action research, since action research depends to a good portion on the 
interdependency between research and active participation of other actors (Gustavsen et al. 
2008). 
4.1.1 Reflection-in-action 
One seminal work on action research is Schön’s (1983) reflective practitioner, where he de-
scribed the reflection-in-action process. Similarly to Lewin (1946), he supposes that univer-
sities are not devoted to produce and share knowledge in general and that there is a gap 
between research and practice. He clarifies the difference between academic and profes-
sional knowledge and assumes that competent practitioner normally know more than they 
can describe their work. According to Schön (1983) practitioner show a mostly tacit 
“knowing-in-practice” with a capacity to reflect their own know-how, which can be and is 
sometimes used for coping with uncertain or complex situations occurring in practice. 
Schön (1983) further mentions that the importance of such intuitive knowing within prac-
tical situations increases in future29, e.g. to reduce uncertainty to manageable risks or com-
plex situations to manageable plans or defining the “right” problem. Those challenges are 
manifested in water resources management, so that Schön’s theory should be applied for 
improving this sector.  
Thus essential know-how and competencies have to be taught, coming “from technical 
rationality to reflection-in-action” (Schön 1983). Within technical rationality that is based 
on a positivist world view30, it is attempted to solve practical problems merely with scien-
                                        
29 Schön (1983) even considers this as art and that practitioners show artistry in their work.  
30 Explanations on the positivist world view can be found in chapter 5.2  
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tific theory and techniques. The limitations of this approach to solve societal problems 
became obvious through the dilemma of rigor or relevance (Schön 1983). Knowledge lies 
in action, e.g. the tacit knowledge of a practitioner who recognizes a phenomenon, without 
being able to provide a comprehensive description31 (qv. chapter 3.2.1 on the differentia-
tion of tacit and explicit knowledge; Schön 1983). Those practitioners frequently reflect on 
the understanding of the actions, i.e. they think about what they do (Schön 1983). And this 
can also occur during the action (e.g. musicians improvising during a jam session), i.e. re-
flection-in-action. Summarizing it can be stated that reflection-in-action research therefore 
means to reflect a surprising, uncertain or complex phenomenon and to reflect the re-
searcher’s implicit existing understanding of it. Subsequently, research and action is carried 
out that leads to new theories of understanding the phenomenon and to a change in the 
situation, i.e. that inquiry and implementation are coupled. 
Technical problem solving should not be expelled; however, it is necessary to embed it into 
a reflection-in-action process, as described by Wilson (in Schön 1983). That means to 
combine the technical analysis with an intervention in the real world, i.e. having a socio-
technical system or more comprehensively a man-environment system as described in 
chapter 3.1.5 on (integrated) water resources systems. Yet, Schön (1983) reasons that re-
flection-in-action may be difficult for organisational development, since organisational in-
quiries are guided and limited, e.g. by regulations. It may be difficult and risky for managers 
to reflect on these existing theories, i.e. to question them. That means the focus should be 
on reflecting the organisational learning system. In fact, reflection-in-action of managers 
within the organisation would be needed for organisational learning, yet, it is also a threat 
to the stability of the organisation (Schön 1983). That means that capacities for reflection-
in-action-processes are needed, which can be developed by action research. A reflective practi-
tioner is needed, i.e. a professional who (i) integrates his expertise into a context, (ii) ac-
knowledges that different meanings of action are possible, (iii) discover and explain these 
different meanings, (iv) may reconstruct his or her expertise, (v) attempts to discover limits 
of his or her expertise by reflection (with the client), and (vi) is technically competent, but 
instead of being a black box, s/he makes understanding accessible for the client and re-
mains open for his inquiries and his or her learning process (Schön 1983). A reflective re-
searcher could have the role as consultant for the practitioner, and reflective research, which 
requires a partnership between researcher and practitioner, can become a part of further 
                                        
31 Polanyi (1966), the inventor of the term tacit knowledge gives a striking example for it: If a person knows 
the face of someone else, s/he can recognize it under millions of humans without knowing why. 
113 Theoretical framework 
 
 
education for practitioners (Schön 1983). This implies that contemporary water-related 
academic education also needs to integrate more skills that facilitate this partnership in ad-
dition to the subject itself, e.g. hydrology. As for instance suggested by the T-shaped model 
of Uhlenbrook and De Jong (2012) or the umbrella concept for an IWRM course elabo-
rated within this thesis in the Ukrainian case study. 
Also, implementation is directly incorporated in reflective research, from which practitio-
ners get insights from participating in this process (Schön 1983). These points clearly show 
the interlinkage with the concept of capacity development (qv. chapter 3.2 on knowledge 
and CD; cf. Alaerts 2009) and transdisciplinarity. 
Accordingly, we draw on action research and on the reflection-in-action research for our 
theoretical framework. Especially, we refer to a cycling spiral with planning, action, reflec-
tion in terms of results and action, so that we can generated improved results based on the 
interactions between theories and practice and the continuous learning within the process. 
4.2 Transdisciplinarity 
Transdisciplinarity and thus transdisciplinary research deals with real life problems, i.e. it 
supports the preventing, mitigating or solving of such problems by developing descriptive, 
normative and practice-oriented knowledge (Pohl and Hirsch Hadorn 2008). According to 
Pohl and Hirsch Hadorn (2007) transdisciplinary research is reasonable, if (i) uncertain 
knowledge within a societal relevant problem field (e.g. environmental pollution) prevails, 
(ii) the nature of the problem is diffuse and controversial, and (iii) the stakes are high for 
the actors concerned by the problem and a social interest exists in approaching the prob-
lem (socially relevant).  
However, in order to define transdisciplinarity and transdisciplinary management, it is im-
portant to explain first disciplinary, multidisciplinary and interdisciplinary research. Disci-
plinary research obviously means to conduct research within one academic discipline or 
specialisation with no or little connection to other disciplines. Multidisciplinary research 
means that several disciplines are, for example, working within the same research project 
on the same problem, but with no significant collaboration between them. Many problems 
can be adequately solved by disciplinary or multidisciplinary research. Interdisciplinary re-
search is commonly conducted when the collaboration between different disciplines is the 
only possibility of solving a problem, as for instance frequently within environmental sci-
ences. Interdisciplinary research consists of coordinated and joint research activities (joint 
problem definition, research planning, design, research questions, and implementation) of 
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several academic disciplines or specialisations (cf. Pohl and Hirsch Hadorn 2007; Jahn 
2008; Bergmann et al. 2012).  
Transdisciplinarity is characterized by joint activities between scientists from different aca-
demic disciplines (as within interdisciplinary research) and practitioners within a project for 
solving a societal problem (e.g. Pohl and Hirsch Hadorn 2008, Scholz 2011). That means 
that transdisciplinarity needs cooperation between scientific fields relevant for the societal 
problem and societal actors with relevant practical knowledge for transforming societal 
problems into scientific problems (Jahn 2008). Häberli et al. (2001) similarly define transdis-
ciplinary research as taking up “concrete problems of society and works out solutions through 
cooperation between actors and scientists”. Transdisciplinary research is according to Scholz 
(2011) research that is related to and conducted within transdisciplinary processes. Lang et 
al. (2012) define transdisciplinarity as a “reflexive, integrative, method-driven scientific prin-
ciple aiming at the solution or transition of societal problems and concurrently of related 
scientific problems by differentiating and integrating knowledge from various scientific and 
societal bodies of knowledge”.  
From these definitions it becomes clear that a distinct differentiation between transdiscipli-
narity and transdisciplinary research is difficult to draw, since science and, thus, also re-
search is an inherent part of transdisciplinarity, at least in the way as it is used within this 
thesis. Some scholars define transdisciplinarity and transdisciplinary research differently, 
which can be often considered simply as applied research, or some define the difference in 
such a way that transdisciplinary research is controlled by researchers as described within 
Scholz (2011). In fact, there is a risk that transdisciplinary research projects are excessively 
research driven (Roux et al. 2006). Being aware of that, for the objectives of this thesis it is, 
however, not necessary to differentiate between both terms. We stick to these above men-
tioned definitions and use both terms interchangeably as done by several authors like Lang 
et al. (2012). 
According to the above mentioned definitions, transdisciplinary research crosses both, the 
boundaries between different academic disciplines needed, as well as the boundaries between 
science and practice (Cash et al. 2003; Jahn 2008; Mollinga 2010), which we will pick up in 
the following chapter on boundary management. This implies also that researchers within 
transdisciplinary research (TR) need cognitive skills for understanding and integrating (i) 
the methods and knowledge applied by different disciplines involved, as well as (ii) applied 
knowledge of other actors involved and (iii) the interaction between scientists and other 
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actors (e.g. Truffer et al. 2003). This also includes the capabilities of mutual learning and 
exchange of experiences. Furthermore this interaction between researcher and other social 
actors calls for social competence and communication skills. Consequently, several scholars 
(Bammer 2005 and Wiesmann et al. 2008, in Pohl and Hirsch Hadorn 2008) propose a 
transdisciplinary specialisation. However, it has to be stressed that “transdisciplinary re-
search is not meaningful without sound disciplinary contributions and it has the potential 
to stimulate innovations in participating disciplines” (Wiesmann et al. 2008, in Pohl and 
Hirsch Hadorn 2008). Accordingly, transdisciplinary research can be considered as a system, 
where the different elements of the system (researchers from various disciplines and other 
actors e.g. from government or private sector) interact and are transformed within a prob-
lem field like poverty (Pohl and Hirsch Hadorn 2008). In fact, all actors within a TR proc-
ess do have their specific knowledge, whether it is e.g. results derived from model-based 
frameworks of some research disciplines or hands on experiences of practitioners. Renn 
and Schweizer (2009) advocate for participation of all societal systems, since economy con-
tributes efficiency, scholars and experts deliver know-how on effectiveness, political institu-
tions bring in the legitimacy and the inclusion of social actors is needed for reflection on 
the values and the common good (qv. chapter 3.1.12). These different knowledge bases 
have to be connected through the problem field, which will obviously lead to some meth-
odological challenges (Pohl and Hirsch Hadorn 2008). The interrelation and transformation 
of the actors during the research process means to discuss the issues at stake, or to discuss 
targets and what the common good is (see below), as well as deriving measures (Ibid.). But 
it has to be ensured that each stakeholder is able to provide his or her expertise into the 
process, so that e.g. technical expertise is not replaced by fuzzy public perceptions or the 
other way around that experts impose their view and judgements (Renn and Schweizer 
2009). The actors collaborate because they have a shared concern of solving a particular 
problem within a problem field (Ibid.). Therefore, Wiesmann et al. (2008, in Pohl and 
Hirsch Hadorn 2008) further conclude that peers are needed that are “able to bridge disci-
plinary and transdisciplinary specialisation”. 
Pohl and Hirsch Hadorn (2007) consider transdisciplinary research as a synthesis of various 
other research fields e.g. the above mentioned uncertainty and the social relevance is re-
lated to the field of post-normal science32, as proposed by Funtowicz and Ravetz (1993, in Pohl 
and Hirsch Hadorn 2008). Furthermore, Pohl and Hirsch Hadorn (2007) define that TR 
requires to be conducted within a problem field so that  
                                        
32 see below for further examples, e.g. drawing on the field of systems theory. 
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i. the complexity of problems is understood,  
ii. the diversity of perceptions towards problems is acknowledged (diverse scientific and 
diverse real life opinions), 
iii. case specific and abstract knowledge is connected, 
iv. it supports the “common good”, i.e. that it supports the welfare of all humans, respec-
tively the agreed common interests. 
Out of the literature on transdisciplinary processes, which frequently have similar properties 
(e.g. Lang et al. 2012; Pohl and Hirsch Hadorn 2007), we stick to the TR process with the 
phases problem identification/structuring, problem analysis and bringing results to fruition from Pohl 
and Hirsch Hadorn (2007). 
4.2.1 Challenges of transdisciplinarity 
The above mentioned requirements for TR (i-iv) make clear that manifold challenges, espe-
cially methodological ones, have to be tackled for conducting TR. 
4.2.1.1 Complexity and integrating multiple perspectives 
The first point (i. complexity of problems) means that the various and partially dynamic 
factors that set up a problem (e.g. technical, social, legal, environmental, economic, etc.) 
need to be interrelated and subsequently integrated, so that a comprehensive understanding 
of the problem can be reached and possible solutions can be derived. This clearly shows 
the systemic character of transdisciplinarity, since not only the elements are important, but 
the interrelations between the elements are in focus, which is a characteristic of the disci-
pline of systems theory (e.g. Jantsch 1972; in Pohl and Hirsch Hadorn 2008; Checkland 1981 
in Checkland 2000; qv. chapter 3.1.2). Checkland’s (1983 in Checkland 2000) differentia-
tion in hard and soft systems thinking is necessary. Yet, we reason that both, hard systems 
thinking, i.e. an engineering perspective and soft systems thinking, i.e. focusing on multi-
perspectives, is necessary for addressing complex problems. Thus, for a sound handling of 
problems, disciplinary perspectives (scientific knowledge) as well as perspectives of other 
actors (contextualised or traditional knowledge) have to be integrated as mentioned in the 
next point.  
4.2.1.2 Collaboration and integrating diverse perceptions 
The second point deals with the diversity of perceptions, i.e. that all actors have different 
perceptions towards the problem, its causes and its potential solutions. They are formed 
inter alia by the academic background of scientists, context and role of actors, the relation 
117 Theoretical framework 
 
 
towards the problem, as well as the conditions of the specific situation (Pohl and Hirsch 
Hadorn 2008). Therefore, actors’ relevance of the problem varies, and the diversity of per-
ceptions and knowledge derived from them has to be acknowledged and subsequently ex-
plored and clarified (e.g. Giri 2002). This shows that participatory research (e.g. Renn 2005; 
Renn 2009), action research (e.g. Kemmis and Mc Taggart 1988, in Kemmis 2008) and interdis-
ciplinary research (e.g. Constanza 2003) is needed. Especially for exploring the different 
knowledge bases and perceptions of the different actors, it is reasonable to apply and relate 
quantitative and qualitative social science methods (Pohl and Hirsch Hadorn 2008). Yet, 
using several methods concurrently or sequentially without reducing the scientific rigor is 
not trivial. A sound way of integrating various applied research methods, e.g. qualitative 
and quantitative ones, under the constraints of scientific validity, is mixed methods research 
(e.g. Creswell 2008, Tashakkori and Teddlie 2010). For that reason, my research within the 
Ukrainian case study is subject to mixed methods as described in the methodological 
framework in chapter 5.3. Another challenge related to the understanding and the subse-
quent integration of the manifold perceptions is that the actors are members of different 
“cultures”, communities, or in different social worlds as described by Star and Griesemer 
(1989). Those social worlds have their own specific jargon, knowledge, beliefs and prac-
tices, which makes the integration of knowledge and perceptions from different social 
worlds difficult. However, this integration lies at the centre of transdisciplinarity, since it 
should support solving the problem and to define the common good (Pohl and Hirsch 
Hadorn 2008). Hence, for successful integration it is necessary that the different social 
worlds respect each other (Giri 2002), and to “specify and combine means of integration 
with forms of collaboration” (Pohl and Hirsch Hadorn 2007). They mention three forms 
of collaboration within a team: 
 common group learning (integration via learning processes of the entire group), 
 deliberation among experts (experts or actors separately analyse the part of the 
problem in which they are specialist; integration via exchange between experts), 
 integration by a subgroup or individual 
(Pohl and Hirsch Hadorn 2008). 
And the means of integration are according to Pohl and Hirsch Hadorn (2008): 
 Mutual understanding, i.e. that all involved actors “speak the same language” and thus 
know the terms used by the community of each other (Cash et al. (2003) appositely 
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call this translation). Issues of mutual understanding can be solved, e.g. by using 
every day language or developing a glossary of used terms. 
 Theoretical concepts, i.e. (i) concepts are transferred between disciplines, or (ii) differ-
ent concepts are mutually adapted and relate to each other, or (iii) new bridge con-
cepts are developed that merge different scientific perspectives and different actors’ 
perspectives. 
 Models, i.e. quantitative “hard” models that use parameters from different disci-
plines for integration, or qualitative “soft” models representing different percep-
tions for developing a joint understanding or for mutual learning (qv. chapter 3.1.2 
on hard and soft systems thinking; Checkland 2000). Also, scenario development 
could be a means of integration. 
 Products, e.g. frameworks, technical devices, databases, maps, or plans like water re-
sources plans. If the main rationale of the product is for joining different interests, 
and if the content of the product is not contested, than Pohl and Hirsch Hadorn 
(2008) reason that this integration approach can be termed “boundary object” as in-
troduced by Star and Griesemer (1989). Correspondingly, within this study a 
boundary object is applied as described later (chapter 4.3, as well as within the case 
study in chapter 8.3.4). 
The chosen form of collaboration and means of integration determines the degree of inte-
gration between the involved actors (Pohl and Hirsch Hadorn (2008). Within our study, we 
apply all four means of integration, as we assume that this enhances the integration of the 
diversity of actors’ knowledge bases. A bridge concept was developed that integrates hard 
and soft models, and products (framework as a boundary object), which supports mutual 
understanding and altogether the knowledge integration. 
4.2.1.3 Integration of abstract and general knowledge 
Another challenge is to connect case specific and abstract, respectively scientific knowl-
edge, since both are necessary for transdisciplinarity, and especially for TR in the field of 
natural resources management. That means that there is an interaction between theoretical 
know how and context-specific know how, which clearly shows the need of iterative (re-
cursive) approaches instead of linear approaches. Schön (1983) circumscribes this with the 
dilemma of rigor or relevance and the question whether to stay on solid grounds (i.e. practic-
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ing with technical rigor), or to go to the swamps, i.e. tackling the real and most relevant 
problems.  
As I mentioned in chapter 4.1.1, technical rigor should not be expelled, but should be em-
bedded into a reflective and iterative process and to combine the technical analysis with an 
intervention in the real world. Moreover, the complexity of the problem and the manifold 
perceptions makes it necessary to iterate. Such iterative approaches have been developed 
for instance within action research (e.g. Schön’s (1983) reflection-in-action), as well as the 
iteration between deductive and inductive approaches within mixed methods research (Ta-
shakkori and Teddlie 2010). Yet, also policy sciences are important in the context of real 
world research, as for instance within resources management (e.g. Clark 2002). 
Hereby it has to be mentioned that TR is more than consulting since the nature of all kinds 
of research is to generalise or transfer results from one study to another. Remarkably for 
TR is that it does not generalise based on standard conditions, but it validates the devel-
oped theoretical models within concrete real world conditions (Pohl and Hirsch Hadorn 
2008). As a result, knowledge exchange and integration needs to be based on action re-
search, real world experiments or adaptive management (Ibid.).  
4.2.1.4 Developing the common good 
Knowledge development should support the “common good”, i.e. that TR is oriented to 
real life problems, which are incorporated in a framework that constitutes the common 
good (Pohl and Hirsch Hadorn 2007; Pohl et al. 2008). Obviously, policy sciences and es-
pecially policy sciences in respect to natural resources management often deal with ques-
tions and definitions of the common good (e.g. Clark 2002). The common goods are de-
fined as the welfare of all humans, respectively the agreed and demanded common interests 
of the majority of a community (Clark 2002). This clearly implies that the common good 
cannot be defined by a single actor, but that it has to be deliberated by all concerned stake-
holders.  
The specification of the common good in relation to the regarded problem is, therefore, a 
central part of transdisciplinary projects (Pohl and Hirsch Hadorn 2008). The same holds 
true for proposed solutions, which need to be in accordance with the common goods, and 
thus has to deal potentially with opposing opinions from the diversity of actors. I admit 
that these conflicting interests are not easily resolved, if at all possible. Yet, Renn and 
Schweizer (2009) draw from their experiences that it is possible to reconcile and integrate 
scientific expertise, rational decision-making and public values if it is seriously attempted. 
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Thus, for reducing these contestations, several concepts for stakeholder participation with 
different participatory methods are available for knowledge production and integration 
between actors, e.g. Delphi method, round tables, mediation, focus group discussions, 
panel discussions, hearings, advisory committees (e.g. Renn and Schweizer 2009; qv. chap-
ter 3.1.12 on participation and water governance).  
4.2.1.5 Principles of transdisciplinary research 
Addressing all mentioned requirements for TR is fraught with risk of ending up in a mess, 
so that Pohl and Hirsch Hadorn (2007) propose four principles, which sum up the above 
mentioned items: 
i. “Reduce complexity by specifying the need for knowledge and identifying those involved.” There-
fore, systems knowledge (causes and possible developments of the problem), target 
knowledge (explaining need for change/ better practice and determining goals), as 
well as transformation knowledge (how to change from current to target state; de-
velopment of laws, technologies, capacities), which are mutually dependent, is 
needed. It is further necessary to involve not all, but all relevant actors and how 
they can contribute. 
ii. “Achieve effectiveness through contextualisation”. TR focuses on having societal impacts so 
that it has to be assured that the research is within the real world context. And thus, 
also the results have to be made accessible for the stakeholders, which mean that 
the results need to be provided in such a form that they are understandable and fit 
to existing agendas. As important is, to place and link TR in the context of state-of-
the-art science. 
iii. “Achieve integration through open encounters”. Effective collaboration depends signifi-
cantly on openness, i.e. that the diversity of perceptions is acknowledged. The use 
of different forms of collaboration and means of integration (e.g. boundary object) 
determine the degree of reflection on perspectives and the intensity of collabora-
tion (chapter 4.2.1.2). 
iv. “Develop reflexivity through recursiveness”. Acknowledging that within complex situations 
not all issues can be recognized instantly, a recursive (iterative) process is suitable 
for gradually improving the knowledge base. That means that a reflection on pre-
liminary results leads to an adaptation by targeted learning. 
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4.2.2 Transdisciplinarity and action research 
From the above mentioned requirements of transdisciplinarity, the similarities to action 
research, as described in the previous chapter, become obvious. Not only the connection 
between case specific and abstract knowledge relates to action research, but also the diver-
sity of perceptions is addressed within action research, as well as supporting the common 
good as described in the above mentioned definition of action research from Reason and 
Bradburry (2008). However, a major difference is the focus of TR on transforming social 
problems into scientific problems, the emphasis of interdisciplinarity and integration of 
stakeholders, as well as the application and combination of the systems, target and trans-
formation knowledge. Another similarity between action research and transdisciplinary 
research is the “cycling nature” with similar phases, namely planning, action, reflection 
within action research, and problem identification/structuring, problem analysis and bring-
ing results to fruition within TR. Both emphasize the iterative nature (or as termed within 
TR: recursiveness) of all phases of research. Furthermore, both concepts call for reflective 
actors that do need expertise, but should integrate this know how into the real life context. 
However, also specialised transdisciplinary researcher or knowledge broker are needed with 
the capacities as described above (e.g. understanding and integrating knowledge from dif-
ferent disciplines and different practitioners). 
4.2.3 Transdisciplinarity, IWRM and capacity development 
IWRM deals with highly complex, controversial and socially relevant real life problems with 
high stakes of many actors and potentially uncertain framework conditions. Furthermore, 
case specific and abstract knowledge has to be linked for successful IWRM and it refers to 
the common good, which are the common interests that are widely acknowledged within 
the targeted social group. As a matter of fact, the perception of what the common good is, 
has to be discussed and developed by all the involved actors themselves (cf. Pohl and 
Hirsch Hadorn 2008), meaning that this discussion has to be negotiated within IWRM 
processes as well. Thus, IWRM resembles the above mentioned requirements for transdis-
ciplinarity. Another challenge is that IWRM research is often conducted within joint re-
search teams of several disciplines and local actors, thus having a high degree of academic 
diversity, as well as a high cultural and social diversity with the local actors. That makes 
clear that not only the implementation of IWRM (qv. chapter 3.1.14) is challenged, but also 
the IWRM research itself. This demonstrates that projects in the realm of sustainable water 
resources management can be identified as requiring TR approaches and thus IWRM can 
be considered as a transdisciplinary problem field. In fact, Scholz and Marks (2001 in 
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Scholz 2011) have declared that transdisciplinarity is the appropriate framework for investi-
gating sustainable development, and Kabisch (2014) concluded that it became a main-
stream topic within environmental sciences. Accordingly, several projects applying trans-
disciplinary research within natural resources management exist. One example under sev-
eral is the follow the innovation approach (Hornidge et al. 2009) and its application in the pro-
ject “Economic and Ecological Restructuring of Land and Water in the Khorezm Region 
of Uzbekistan” carried out by the Center for Development Research (ZEF), University of 
Bonn, in cooperation with UNESCO, the State University of Urgench and the German 
Aerospace Center (DLR) at the University of Würzburg (Hornidge and Ul Hassan 2010; Ul 
Hassan et al. 2011, Hornidge et al. 2011). 
Since we consider IWRM as a transdisciplinary problem field, its success depends on the 
application and combination of systems, target and transformation knowledge as described 
by Pohl and Hirsch Hadorn (2007) for TR. However, a real integration is frequently im-
peded by various issues, e.g. by the division of work, which normally occurs in practice, 
and the potentially resulting disciplinary and/or political differences. That means that the 
integration of the three types of knowledge is obstructed by boundaries, e.g. between disci-
plines, but also between science and other stakeholders and decision-makers (qv. next 
chapter). However, we should not neglect the other boundaries relevant for IWRM as 
physical, administrative, and sectoral boundaries. All these mentioned integration problems 
are particularly relevant for IWRM. As described earlier and by many authors (e.g. Hooper 
et al. 1999; Falkenmark et al. 2004; Mostert et al. 2008) a full integration of all water related 
tasks within an “IWRM body” is not feasible, but instead, cooperation across the ever ex-
isting boundaries should be realized. There exist several concepts for implementing coop-
eration, e.g. the concept of social learning and its integration into adaptive water manage-
ment as described by Pahl-Wostl et al. (2007), social learning as key for IWRM as reasoned 
by Mostert et al. (2008), transdisciplinary concepts as mentioned above (Pohl and Hirsch 
Hadorn 2007), or boundary crossing frameworks for natural resources management based 
on transdisciplinarity (Mollinga 2008; Hornidge et al. 2009). We refer to the insights of the 
seminal work by Pahl-Wostl and colleagues (qv. chapter 3.1.17 on adaptive management); 
however, we focus more on cooperation as one part of boundary management within a 
transdisciplinary concept. Drawing on experiences from transdisciplinarity for IWRM stud-
ies seems worthwhile, because (i) resolving integration problems is central to transdiscipli-
narity (Jahn 2008), and (ii) transdisciplinarity includes boundary management (Mollinga 
2010). 
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Additionally, transdisciplinarity is inherently related to capacity development since it facili-
tates collaboration, provides mutual learning of actors and it provides knowledge on com-
plex interrelationships. For Scholz (2011) transdisciplinarity is a means for capacity devel-
opment. And he even mentions that capacity development33 is the key function of transdis-
ciplinarity (Scholz 2011): There is knowledge exchange between scientists (theoretical 
know-how) and practitioners (applied know-how and experiences), it can improve envi-
ronmental awareness, and it combines learning and research. This correlates with the evi-
dence that capacity development can be seen as a key factor for natural resources manage-
ment, and especially for water resources management as reasoned by Alaerts et al. (1991), 
Alaerts (2009), Salamé and van der Zaag (2010), Leidel et al. (2012), Wehn de Montalvo 
and Alaerts (2013) and others authors. 
Consequently, connecting IWRM and capacity development under a “transdisciplinary um-
brella” is promising for strengthening sustainable water resources management. Thus, the 
IWAS project did research on how to strengthen IWRM by disciplinary research within an 
interdisciplinary research team that strongly works together with local actors and conduct-
ing capacity development and knowledge exchange. Consequently examining how transdis-
ciplinarity can improve IWRM in general, as well as conducting an embedded case study in 
the Western Bug River Basin, Ukraine. 
In a first step, IWRM and capacity development concepts were analysed and linked to-
gether (Leidel et al. 2012). Based on that and studies in Mongolia, we derived first insight 
regarding transdisciplinarity and knowledge transfer gained from the two case studies on 
integrated water resources management in Ukraine and Mongolia (Sigel et al. 2014). After 
having first empirical results, the second step was to address the challenges of transdiscipli-
nary integration in detail. One feasible solution within literature on transdisciplinary re-
search is to develop a boundary crossing framework including boundary objects, concepts 
and settings for facilitating the crossing of different types of boundaries (Mollinga 2010). 
Accordingly we developed such a framework for IWRM within chapter 8, respectively 
within Leidel et al. (2014).  
                                        
33 Scholz 2011 uses the term capacity building. However, we stick to the nowadays frequently used term ca-
pacity development (qv. chapter 7.3.1). 
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4.3 Boundary management 
Boundaries are manifold in resources management and are described by several scholars 
(Guston 2001; Cash et al. 2003; Mollinga 2008; Mostert et al. 2008; Mollinga 2010)34. Obvi-
ously, there are the natural boundaries e.g. between surface water and groundwater, or be-
tween land and water resources, as well as administrative boundaries, e.g. between govern-
ment levels and political boundaries between different policy sectors. And there can also be 
boundaries between different spatial and temporal scales and levels as described in chapter 
3.1.4. Further boundaries are the cognitive boundaries between different scientific disci-
plines, between experts and decision-makers, between experts and laymen or between sci-
entists and practitioners. This is related to boundaries between knowledge and action, as 
well as to socio-economic boundaries as for instance between different actor groups (e.g. 
between government and NGOs, trade unions, etc.). The number and kind of boundaries 
depends on the conducted project. 
These boundaries have to be crossed for sustainable resources management, i.e., in a figu-
rative sense, bridges or gateways are needed. We perceive boundaries as cross-scale chal-
lenges, which can be approached according to Cash et al. (2006) by “bridges” like institu-
tional interplay, co-management and/ or boundary organisations. 
Boundaries mirror the above mentioned challenges of integration within transdisciplinarity 
(e.g. different “languages”, different expectations, perceptions, and objectives; chapter 
4.2.1). As a matter of fact, transdisciplinarity attempts to cross the boundaries between 
different disciplines and between science and practice. That means that boundaries have to 
be managed (“boundary work”), and especially that they have to be managed in such a way 
that salience, credibility and legitimacy of the exchanged and developed knowledge are si-
multaneously improved (Cash et al. 2003). Credible means that the information is scientifi-
cally relevant, salient means that the action is relevant to the stakeholders, and legitimate 
means that the knowledge has been produced by acknowledging all different perceptions of 
the different stakeholders and an unbiased balancing of interests (Ibid.).  
The function of boundary management is to reduce the integration problems of transdisci-
plinarity within man-environment systems as described in chapter 4.2.1. This can be done 
by enhancing the communication, translation (mutual understanding) and mediation be-
tween separated groups with boundary spanning institutional mechanisms like organisa-
                                        
34 Boundary and boundary crossing are frequently used metaphors (e.g. Gieryn 1983; Star and Griesemer 
1989; Klein 1996; Mollinga 2008)  
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tional arrangements and procedures (Ibid.). Yet, the essential question is, how such a 
boundary crossing can be realized. Examples from literature are arranged around boundary 
objects introduced by Star and Griesemer (1989) that should facilitate the collaboration 
between two parties. Guston (2001) argue that additional opportunities and incentives for 
the development and use of boundary objects are important, so that he proposes to de-
velop boundary organisations that have rules and procedures for carrying out their tasks at 
the interface between social actors. Mollinga (2008) reasons that boundary objects and 
conditions and arrangements for its use, and in particular for the complete boundary man-
agement, are needed (boundary settings). But additionally, he mentions that boundary con-
cepts are needed, and he refers to the interaction between boundary objects, boundary set-
tings and boundary concepts as boundary work (Mollinga 2008). This triad is according to 
Mollinga (2010) essential for dealing with the complexities of natural resources manage-
ment. This emphasizes that crossing boundaries is not happening automatically, but on the 
contrary, it needs significant efforts and work (Mollinga 2008; 2010).  
4.3.1 Boundary concept 
A boundary concept is a concept that refers to the same object or process within different 
actor groups or disciplines, but with different dimensions and thus meanings of the object 
or process (Mollinga 2010). Thus, it is essential to analyze interdisciplinary the different 
dimensions of the object and to understand the interrelationship between these dimensions 
and the different meanings within the different actor groups. Examples are the concepts of 
risk and vulnerability, ecosystem services or capacity development. Mollinga (2003) men-
tions water control as a prime example, since there are different yet interrelated dimensions 
with different meanings about the term. It can be understood as technical control of physi-
cal processes, as organizational control of water related management activities, or as politi-
cal and socio-economic control of water related social processes. A boundary concept thus 
facilitates the re-integration of the different abstractions and allows the reasonable utiliza-
tion of these different meanings (Mollinga 2008). Boundary concepts can also be used 
within policy making for integrating different aspects, e.g. IWRM. The different percep-
tions towards IWRM must not be seen as a disadvantage, but rather as an advantage, be-
cause it can be negotiated how these different meaning can be operationalized (Mollinga 
2006). So, IWRM is a flexible concept as well as a flexible framework and not a dogmatic 
manual at the operational level (Leidel et al. 2012). The relevancy of IWRM lies in the con-
structive interaction between different interests, where in each case a negotiation process 
leads to the tailoring of a context-specific concept. Obviously, different stakeholders will 
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have different perceptions about IWRM and perceiving their opinion as the proper under-
standing of IWRM, leading to boundaries (Mollinga 2006). 
4.3.2 Boundary object 
In order to forward scientific knowledge to decision-makers, procedures have to be elabo-
rated that support the integration of knowledge into the decision making process for ap-
proaching inter- and transdisciplinarity, i.e. in plain words, how to make the knowledge 
work in practice. One possibility is the use of boundary objects. 
Boundary objects are situated between different social worlds as a “means of translation” 
between them, i.e. that it is adaptable to the purposes of all involved actors without losing 
their identify (Star and Griesemer 1989). Boundary objects can be abstract or concrete and 
are items for crossing boundaries, e.g. procedures, institutions, organisations, (technical) 
devices, computer programmes, people and organisations. A simple but striking example is 
provided by Guston (1999 in Guston 2001), who mentions that a patent can be a boundary 
object, since it serves the scientist in fostering his research and it also serves the politician 
to measure research productivity.  
Further concrete examples for boundary objects related to natural resources management 
are reports, models, scenarios, frameworks, joint protocols, indicators, maps, databases, 
decision support systems (Cash et al. 2006) and should provide “the knowledge for doing” 
Mollinga (2010). Boundary objects improve (i) credibility by contribution of several experts, 
(ii) salience, because the practitioners are present from the very beginning thus collaborat-
ing in describing objectives and needed information, and (iii) legitimacy, because it makes 
the information generation more transparent to the stakeholders (Cash et al. 2003). How-
ever, simultaneously addressing all three factors adequately represents still a challenge 
(Ibid.). Turnhout (2009) argues in a study on ecological indicators as boundary objects that 
boundary objects can only connect social worlds that are similar, i.e. share common values 
and preferences. Likewise, boundary objects rely on voluntary collaboration between the 
different actors, so that boundary objects appear to be essential but not sufficient for a 
comprehensive boundary management that improves the integration between different 
stakeholders. 
Mollinga (2008; 2010) mention that there are typically three strategies associated with 
boundary objects i.e. means for developing a boundary object:  
 analytical route with models as boundary objects 
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 assessment route with frameworks as boundary objects 
 participatory route with processes and people as boundary objects 
4.3.2.1 Analytical route 
The analytical route applies analytical methods and uses modeling approaches for under-
standing the behavior of complex systems. The basic idea behind modeling in natural re-
sources management is to represent and simulate the components of a system like a river 
basin. Eventually, “if-then” questions can be asked to evaluate for example the impacts of 
certain activities or interventions (e.g. the different impacts of human activities on ground-
water pollution). This strategy is widely used in science, and especially in natural and engi-
neering disciplines for disciplinary as well as interdisciplinary studies. Models are eventually 
utilized as decision support systems including scenario development and to simulate differ-
ent scenarios (e.g. several different options for improving the cleaning capacity of 
WWTPs). Yet, several authors (e.g. Stephens and Middleton 2002; Guipponi et al. 2007; 
Mollinga 2008; Diez & McIntosh 2009; Stewart 2014) mention that not many developed 
DSS are used in practice at least in developing countries, especially because the model de-
velopment process is frequently science driven and not user driven. Diez & McIntosh 
(2009) identified best predicting factors for the usefulness of information systems which 
are user participation, user perceptions/ intentions, user computer experience, top man-
agement support, support and training, external pressure, professionalism of the informa-
tion system unit, and the availability of external sources of information. Thus, it can be 
concluded that the credibility of the models and DSS is assured (scientific output); yet, sali-
ence and legitimacy are not considered adequately. And especially scientists often consider 
models as neutral and objective devices, which is, at least for models used at the interface 
between science and policy, not valid. There, models should be rather considered as media-
tors, i.e. boundary objects, according to Mollinga (2010), because they integrate different 
types of knowledge and (policy) objectives for solving complex and contentious issues 
within the decision-making process. And Cash et al. (2003) show that one function of ef-
fective knowledge systems is negotiation and mediation. This view implies that also partici-
patory processes need to be integrated for assuring salience and legitimacy as explained 
below in the assessment and especially in the participatory route. 
It can be seen that the analytical route including modeling is a valuable component deliver-
ing credible scientific results that can be used for decision making and for closing the gap 
between science and policy. Yet it is frequently not a sufficient component for integrating 
Theoretical framework 128 
 
 
 
knowledge into the decision making process, because the uptake of scientific knowledge by 
other actors (or users of a DSS) is often limited. Hence, for overcoming these obstacles 
other strategies are necessary. 
4.3.2.2 Assessment route 
Within the assessment route, (assessment) frameworks serve as boundary objects, which is 
a very common strategy for realizing integration in natural resources management 
(Mollinga 2010). Frameworks can be considered as means and tools for several activities 
towards problem solving, like the support of data collection and analysis, assisting in plan-
ning and decision making (together with the participatory strategy), or for learning and 
knowledge exchange.  
Instead of trying to fully represent all processes as normally within a scientific model, 
frameworks attempt to simplify the relations by only showing the main characteristics and 
processes. Hence, they are generic concepts that are not particularly used for improving 
scientific credibility, but they are especially used for supporting the understanding of com-
plex relationships (learning) and for decision making. Accordingly, frameworks have black-
boxes as e.g. all the points and interactions mentioned within the simplified process scheme 
we used for the national decision makers within the Ukrainian case study for explaining in 
principle the necessary generic steps of river basin management (Figure 14). Further, more 
detailed frameworks have been elaborated within the case study for different purposes (e.g. 
Figure 25: Multi-level approach of capacity development Figure 28).  
Figure 14: Process of river basin management 
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Frameworks have to be tailored to the involved actors and have to be as simple as possible; 
however, it has to be as scientific as necessary, so that all disciplines and actors can work 
with this abstraction. Their function is therefore to link different kinds of knowledge and 
different actors (e.g. science and policy) so that frameworks constitute typical boundary 
objects (Mollinga 2010). 
Frameworks or assessment frameworks can be considered as practical tools for supporting 
decision making, as e.g. environmental impact assessments often use a framework as 
boundary object including protocols, procedures, indicators and matrices for considering 
various types of information (Mollinga 2010). Frameworks are appealing for decision mak-
ers because of their simplicity, but this simplicity also has the disadvantage of potentially 
having a bias and they do not assure necessarily the participation of all relevant actors. 
4.3.2.3 Participatory route 
Thus the third strategy, the participatory route, focuses more on social processes for 
knowledge integration into the decision making process meaning that processes and actors 
(and the organizations and institutions they form) are considered as boundary objects 
(Mollinga 2008; 2010). The development of knowledge has to focus explicitly also on social 
learning and negotiations, respectively mediation between conflicting parties (Pahl-Wostl 
2002). Yet, this part is often lacking in the other analytical and assessment strategies, where 
the knowledge is developed externally before the decision making starts (Mollinga 2010). In 
the participatory route, the knowledge is generated within the decision making as a process 
Theoretical framework 130 
 
 
 
of continuous and mutual learning (Mollinga 2010). This continuous learning and adapting 
is essential, since the man-environment system is constantly changing with manifold inher-
ent uncertainties. Therefore, capacities are essential, respectively need to be developed, so 
that the societal actors can address and resolve future issues. The capacities needed include 
human, organizational and governance capacities, as well as information (generation). The 
objective is to develop transformation knowledge, i.e. to have the know-how to change 
existing practices and to have institutions in place that allow responding adequately to 
emerging challenges. It is accordingly related to action research, transdisciplinarity as well 
as capacity development concepts and adaptive management (qv. chapter 3.2.4 and 3.1.17).  
Several methods and procedures (qv. Coordination mechanisms, chapter 3.1.16) are avail-
able for facilitating participation and for mediating between different interests, inter alia 
round table discussions, focus group discussions, empowerment, dialogue, participatory 
workshops, capacity assessment workshops, (river basin) councils, hearings, working or 
steering groups, (regional) conferences. In this respect also participatory modeling should 
be mentioned, i.e. that models are developed jointly by scientists and users, respectively 
that model building tools are available that facilitate the use of models for the stakeholders 
without needing programming skills. Such a joint development of models or databases will 
increase users’ confidence in the model and its results, because the users know the system 
and its limitations, so that ownership towards the model will be high. Yet, as mentioned in 
Leidel et al. (2014), the integration of actors into the model conception and the model-
based systems analysis may be a difficult task (especially in short term projects up to 3-5 
yrs.), depending on the existing modeling know how of the actors and depending on the 
complexity of the issue, the modeling software and the data processing. 
4.3.2.4 Boundary object for transdisciplinary management 
All three strategies have their disadvantages if used as stand-alone strategy, but could bene-
fit from each other, so that converging the three routes seems plausible according to 
Mollinga (2008). The convergence of the three strategies is a reasonable way of merging 
credibility, salience and legitimacy of the exchanged and developed knowledge. 
The assessment and participatory route could benefit from insight into the complex proc-
esses of the natural resources systems (credibility), which can be generated within the 
model-based systems analysis of the analytical route (Mollinga 2008). It can further support 
the other two strategies by generating results for different scenarios and thus demonstrat-
ing scientific credible results to other actors within decision making, e.g. the impacts of 
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certain activities or interventions on the trophic state of a lake. Mollinga (2008) further 
mentions that the participatory strategy can support the assessment route by integrating all 
relevant actors with their context-specific knowledge and by negotiation and mediation 
between different perceptions and conflicting interests. This strengthens salience and le-
gitimacy of the knowledge development. The participatory and the assessment routes can 
strengthen the analytical route by providing context specific grounded knowledge as men-
tioned by Mollinga (2008), which can support and extent the analysis by additional data and 
information, and eventually improving the performance of the model. And it allows verify-
ing whether analysis goes in the “right” direction, meaning to focus on relevant objectives 
that are legitimated. This again strengthens salience and legitimacy. 
Yet, the three strategies are associated with different policies, disciplines and attitudes, 
which makes the convergence difficult according to Mollinga (2008). Also Cash et al. 
(2003) mention it is still a challenge to address credibility, salience, and legitimacy simulta-
neously and adequately. However, overcoming such obstacles is the task of transdiscipli-
nary management. We attempt with our approach to combine the three different strategies 
into one boundary object, so that credibility, salience and legitimacy are assured and even-
tually the water resources management is strengthened (Figure 15). 
4.3.3 Boundary settings 
Boundary settings basically describe that project settings as well as favourable governance 
conditions are additionally important for addressing credibility, salience, and legitimacy 
within resources management (Mollinga 2008; 2010). The first describes how a project is 
organized including descriptions of and separation into work packages, and how project 
internal communication between participants assures interdisciplinary work. The latter re-
lates to the conditions and institutional arrangements of the enabling environment towards 
successful boundary management, e.g. the access to information. Three factors are needed, 
namely treating boundary management seriously, accountability to all parties across the 
boundaries as well as the utilization of boundary objects (Cash et al. 2003).  
Figure 15: Boundary object for transdisciplinary management 
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Mollinga (2008) argues that boundary management is no automatic process, but it needs a 
considerable amount of work and careful design of the procedures and structures. There-
fore, institutions like boundary organizations or other kinds of boundary managers could 
be a reasonable support.  
4.3.3.1 Boundary organisations 
Boundary organisations are organisations, persons or other institutional mechanisms acting 
at the interface between two scales as science and politics (Guston 2001). Boundary organi-
sations  
(i) provide opportunities and incentives for the development and use of 
boundary objects and facilitate that information is coproduced by dif-
ferent actors from both sides of the boundary within the boundary ob-
ject, 
(ii) involve actors from different sides of the boundary and mediating ac-
tors for managing the boundary, 
(iii) exist at the interface between two different social worlds of politics and 
science, but which are accountable to each other (Guston 1999, 2000 in 
Guston 2001; Cash et al. 2003). 
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These points show that leadership is a key function of boundary organizations, i.e. that 
facilitation and coordination skills are highly necessary for boundary management (Cash et 
al. 2006). Well-functioning boundary organisations develop rules, procedures and norms 
for accomplishing their tasks (Cash et al. 2003).  
It is also necessary for a functioning boundary organisation that authority is delegated from 
the actors across the boundaries to the boundary organisation, thus, drawing on the princi-
pal-agent theory and its resulting problems as described in chapter 3.1.15. Accordingly, the 
boundary organisation is responsible and accountable to all principals it has, yet addressing 
issues differently towards each principal (e.g. science and policy).Therefore, boundary or-
ganisations display, in a figuratively positive sense, a Janus-faced35 process meaning that 
several perspectives can be considered simultaneously. 
A boundary organisation provides the possibility to the parties on both sides of the bound-
ary to participate and to shape the joint process according to their perspectives (Guston 
2001). Since a boundary organisation is responsible to all involved parties (principals), the 
interests are balanced, and the risk that one party considers the boundary organisations 
prejudicial is reduced (Guston 2001). Summarizing, boundary organisations favour copro-
duction, i.e. the simultaneous production of knowledge and social order (Jasanoff 1996 in 
Guston 2001), by bringing together scientists and non-scientists and generating boundary 
objects (Guston 2011). Thus, they stabilize the relationship e.g. between science and policy. 
Boundary organisations can be designed as a specialised intermediary organisation (e.g. a 
river basin organisation or international commissions; a decision centre as describe by 
White et al. (2008) for the water management in Phoenix, USA) or integrated into a 
broader organisation. But investigations from Cash et al. (2003) showed that they do not 
necessarily be formal organisations or a unique organisation, but can also be individuals or 
several organisations that conduct boundary functions. It is conceivable that e.g. working 
groups between authorities or informal groups take over boundary functions, yet legitimacy 
has to be ensured. A challenge in this respect is to evaluate the boundary management po-
tential of organisations, groups and individuals. Especially scientists, however, often under-
estimated the workload of the boundary management, i.e. that they (i) attempt to do the 
boundary work next to their research activities, and thus (ii) often take boundary manage-
ment not seriously (enough). 
                                        
35  Janus is the Roman god of transition, often depicted with two faces opposing each other, meaning that an 
issue is considered from different perspectives. Janus-faced is nowadays often a symbol of ambivalence and 
used in a somewhat negative sense.  
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Successful boundary management depends therefore not on the organisational form but 
according to Cash et al. (2003) on how the three following factors are carried out. Most 
importantly, the boundary management has to be taken seriously, i.e. communication, mu-
tual understanding and mediation have to be done continuously and frequently so that 
credible, salient and legitimate knowledge is produced. A positive example for that is the 
boundary organisation Pacific ENSO36 Applications centre (PEAC) that connected inter 
alia climatologists, water management, and agriculture and coordinated the development of 
forecasting tools linking global climate models with e.g. hydrological models (Cash et al. 
2003). A negative example of the same field is the Southern African ENSO forecasting 
system, in which no boundary organisation was created, but in which the coordination was 
distributed between several agencies resulting in lower communication, translation, and 
mediation and consequently also in less effective model coupling and forecasting tools 
(Cash et al. 2003). Furthermore, the accountability of the boundary managers to the actors 
on both sides of the boundary is also important; since it assures that the interests of both 
actors are respected (Ibid.). And as mentioned above, it is essential to use boundary objects 
for developing jointly knowledge based on insights from both sides of the boundary, e.g. 
scientists and practitioners. 
Therefore, effective boundary organisations facilitate what the multiple actors involved in 
sustainable resources management perceive under credibility, salience and legitimacy (Cash 
et al. 2003).  
4.3.4 Transdisciplinary management 
As mentioned, the function of boundary management is to reduce the integration problems 
of transdisciplinarity within man-environment systems (integrated water systems). There-
fore, we propose to define and use the term transdisciplinary management that integrates 
the concepts of transdisciplinarity, boundary management with a converged boundary ob-
ject and capacity development. First of all, transdisciplinary management instead of trans-
disciplinary research is preferable, because it acknowledges that the transdisciplinary proc-
ess should not be fully science driven.  
Transdisciplinary management is an adaptive process that facilitates sustainable natural re-
sources management, e.g. the management of integrated water systems, on several levels of 
management (local, regional, national). It emphasizes the integration of scientists, practitio-
ners and other relevant actors and thus that knowledge from several sources is the basis for 
                                        
36 ENSO stands for El Niño/Southern Oscillation. 
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management options. It acknowledges that crossing boundaries (scales) for knowledge in-
tegration is an active work, which needs adequate boundary concepts, boundary settings 
and especially boundary objects integrating analytical, assessment and participatory strate-
gies. This assures that the developed options are scientifically robust, context-specific and 
can support decision making and capacity development. 
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5 Methodological framework 
Methodology is the general research strategy that describes how research is conducted and 
it constitutes the basis for the methods to be used. Corbin and Strauss (2008) define meth-
odology, in a somewhat social science oriented sense, as “a way of thinking about and 
studying social phenomena”. I will stick to the more striking definition by Morgan (2007), a 
proponent of pragmatic approaches, that the methodology “connects issues at the abstract 
level of epistemology37 and the mechanical level of actual methods”. This implies that the 
methodology is the interface between the theoretical and the conceptual framework and the 
methods needed for implementation of research. Accordingly, this thesis differentiates be-
tween methodology and methods, with the first comprising the complete research set-up 
and the latter being the means for gathering and analysing data. 
This thesis is embedded within a research project (International Water Research Alliance 
Saxony-IWAS; funded by the German Federal Ministry for Education and Research), 
where basic research and applied research is combined, however the focus lies on applied 
research.  
5.1 Methodology of applied research 
Basic research means according to Hedrick, Bickman and Rog (1993) that universal knowl-
edge is developed (knowledge production), where usually mono-disciplinary statistically 
significant effects are discovered (focus on research purposes). Applied research uses 
knowledge and attempts to understand, address and contribute to solving problems and 
thus discovering practically significant relationships (Hedrick, Bickman and Rog 1993). 
Maxwell (1998) similarly states that the focus of applied research lies on practical purposes 
(e.g. goal achievement), yet research purposes are a necessary precondition for understand-
ing the issue. Since applied research often approaches several questions simultaneously, 
both, statistically and practically significant effects are essential, and therefore it is often 
conducted within a multidisciplinary research team as emphasized by Hedrick, Bickman 
and Rog (1993). However, the interdisciplinary collaboration between different scientific 
disciplines still needs to be strengthened, especially because of difficulties in combining 
different research methodologies, e.g. case-based research versus experimental research (cf. 
Mollinga 2008; Lang et al. 2012). Actually, even within social sciences, the application and 
purpose of existing research methods like experiments, surveys, case studies, or history is 
                                        
37 Epistemology is a Greek term and means “study of knowledge”. That means it deals with questions about 
the nature of knowledge, as well as about how to generate knowledge. For example the verification of hy-
potheses can be considered, in plain words, as the epistemology of natural sciences. 
137 Methodological framework 
 
 
heavily discussed. In former times, some social scientists have been under the misconcep-
tion that case study research is only possible for exploratory purposes and doubt that case 
studies can be used for descriptive and explanatory studies (Yin 2009). Despite this, Yin 
(2009) made a good case for the possibility of using all methods for the three research pur-
poses namely exploratory (what questions), descriptive (what, how many) and explanatory 
(how/why questions).  
Hedrick, Bickman and Rog (1993) further state that the research focus and criteria for the 
practical significance within applied research needs to be discussed with the actors that 
have a stake in the research outcomes. Thus, applied research wants to deliver results that 
are of societal importance. Nevertheless, a major question is still how to interact effectively 
with these actors and how to approach social importance. Accordingly, the concept of 
transdisciplinary research and the concept of boundary objects is utilised within this 
thesis as a theoretical framework for the developed methodology (chapter 4). 
Applied research is often conducted in a complex environment, which makes it difficult for 
researchers to analyse causal relations.  Some scientists contest that causal explanations can 
be derived by qualitative methods, yet, an increasing number of researchers (e.g. Miles and 
Huberman 1994, Mohr 1996 in Maxwell 1998) acknowledge qualitative analysis as credible 
method for identifying causal relations having the same validity threats as quantitative re-
search. Furthermore, such an open environment can be challenging, because it cannot be 
controlled by the researcher, so that problems e.g. concerning data acquisition or the ex-
change of responsible persons in the government may impede research activities as for 
instance within the case study on the river basin management in the Western Bug River 
Basin (chapter 7 and 8). Bickman and Rog (1998) further state that “theoretical opportun-
ism” is a characteristic of applied research, meaning that only such theories are used that 
will most likely deliver practical results, as well as combining several theories, if it seems 
useful. In the realm of this thesis, several theories have been considered and combined in 
order to obtain realistic results. Moreover, for applied research it is more important that the 
outcome is valid. This is evident, because it is mostly impossible to identify the independ-
ent cause from other causes in analysing societal problems (Bickman and Rog 1998). E.g. 
within a study on the effects of a development project for improving water quality in the 
effluent of a WWTP, it is difficult to isolate single aspects of the project that are responsi-
ble for the outcomes, like leadership training for WWTP operators. Above that, Bickman 
and Rog (1998) mention that for describing a societal complex problem in a realistic and 
credible way, not only self-reports and simple evaluation forms of stakeholders are neces-
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sary, but more important also real-world measures directly related to the problem like the 
analysis of the interaction between stakeholders or institutions. Hence, multiple levels of 
analysis prevail, e.g. on individual, organisational and societal level as inter alia described for 
capacity development by Lopes and Theisohn (2003) and Visser (2010), respectively for 
integrated water systems by Alaerts (2009) and Alaerts and Kaspersma (2009).  
5.2 Qualitative and quantitative research 
Research is often distinguished between qualitative and quantitative analysis in natural sciences 
and especially in social sciences. Denzin and Lincoln (2000) describe that qualitative re-
search is “cross-cutting disciplines” and a “complex family...of terms, concepts”. Corbin 
and Strauss (2008) for instance, define qualitative analysis as “a process of examining and 
interpreting data in order to elicit meaning, gain understanding, and develop empirical 
knowledge”. Qualitative methods are frequently related to the collection and analysis of 
written and oral data or the observation of situations without quantifying the studied phe-
nomena statistically. Qualitative research is therefore described by Cassell and Symon 
(1994) as having "a focus on interpretation rather than quantification; an emphasis on sub-
jectivity rather than objectivity; flexibility in the process of conducting research; an orienta-
tion towards process rather than outcome,..., an explicit recognition of the impact of the 
research process on the research situation." However, qualitative research is often con-
tested and considered as “soft science” in comparison to “hard sciences” like physics, and 
it is considered subjective or even unscientific by positivistic academic disciplines (Denzin 
and Lincoln 2000).  
Quantitative analysis refers to numeric data and is according to Cassell and Symon (1994) 
based on the assumption that an objective reality exists, which can be analysed by scientific 
methods in order to develop systematic and statistical relationships between variables. Ac-
cording to Tashakkori and Teddlie (1998, 2010) there is an ongoing debate since decades 
between the positivist/ empiricist paradigm with underlying quantitative approaches and 
the constructivist/ phenomenological paradigm with the underlying qualitative approach. 
This debate also includes the thesis that quantitative and qualitative methods are incom-
patible, because of the fundamental differences between the underlying paradigms, i.e. 
positivism versus constructivism (Tashakkori and Teddlie 2010). The positivist approach is 
characterized by deduction, i.e. testing hypotheses for generating theory, the major episte-
mology of natural sciences. The constructivist approach is characterized by induction, i.e. 
theory is developed based on collecting and analysing quantitative data, as for instance the 
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grounded theory by Glaser and Strauss (1967). Cassell and Symon (1994) tellingly mention 
that quantitative analyses are good at assessing changes that occurred, but for analysing 
how changes occurred (involved processes) as well as why (stakeholder, context) qualitative 
research is needed.  
5.3 Mixed methodology 
Tashakkori and Teddlie (2010) reject that it is inappropriate to mix quantitative and qualita-
tive analysis. Instead, they state that there is a growing amount of scientists (e.g. Yin 2009), 
who demonstrate the compatibility between both approaches and refer to this new para-
digm as pragmatism. Already Burgoyne (1994), for instance, mentions that next to qualita-
tive approaches within stakeholder analysis, also quantitative methods could be used, since 
it is reasonable “to count the countable”. In fact, Tashakkori and Teddlie (2010) call for 
paradigm pluralism, i.e. that divers paradigms can constitute the basis of mixed methods 
research. They further state that there is no “either-or” between paradigms, but that they 
can be used continuously and they call for a cooperation instead of confrontation between 
the different methodological communities. Thus, mixed methodology or mixed methods 
emerged that contain qualitative and quantitative analyses (e.g. Patton 1990, in Tashakkori 
and Teddlie 1998). Johnson et al. (2007) compared meanings of several experts working in 
mixed methods research (MMR) and composed a definition out of it: “mixed methods 
research is the type of research in which a researcher or team of researchers combines ele-
ments of qualitative and quantitative research approaches…for the broad purposes of 
breadth and depth of understanding and corroboration”. Johnson and Onwuegbuzie 
(2004) define MRR similarly, but emphasize that techniques, methods, approaches and 
concepts are mixed within a single study. In fact, already Lewin (1946) in his seminal work 
on action research called for an integrated approach to social research that includes e.g. 
surveys and interviews as well as laboratory and field experiments, thus setting in my opin-
ion the groundings for MMR. Yet, Lewin (1946) further stated that diagnosis (e.g. surveys) 
does not suffice, but action and eventually evaluation about the results is needed, i.e. re-
search must lead to action. This exactly delineates the transdisciplinary framework of my 
research of combining MMR in a case study with action research. 
Several authors like Johnson et al. (2007) realise the importance of mixed methods research 
and proposed that it is the third research paradigm next to qualitative and quantitative re-
search. 
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5.3.1 Characteristics of mixed methods research (MMR) 
A characteristic shown by Tashakkori and Teddlie (2010) is about the diversity of MMR, 
i.e. that conceptual as well as empirical research can be conducted and MMR can address 
several research questions simultaneously, e.g. exploratory and explanatory ones. They fur-
ther state that MMR stems partially from triangulation literature (convergence of evidence), 
yet, it is also essential to acknowledge that divergent results from combining data from 
different sources is important, since it can deliver interesting insights in complex condi-
tions. Greene et al. (1989) explain that there are five purposes of MMR, (i) triangulation 
(seeking convergence), (ii) complementarity (analyse overlapping and differences of a phe-
nomenon for enriched understanding and clarification), (iii) initiation (discovering contra-
dictions leading to modified research questions), (iv) development (using methods sequen-
tially to develop or inform the following method), (v) expansion (expand range and breadth 
of research by using different methods for different inquires). Consequently, mixed meth-
ods are particularly suitable for addressing complex research questions (Yin 2009). Tashak-
kori and Teddlie (2010) argue that mixed methods means that the “best” methods should 
be chosen for the research questions, yet, they emphasize that purely qualitative or purely 
quantitative research are reasonable research strategies depending on the focused research 
question. Notwithstanding, using a single method within applied research may not cover 
the full complexity and thus may deliver, in the worst case, wrong results (Mertens 2007). 
One very essential characteristic of MMR is its iterative, cyclic nature including both, de-
ductive and inductive logic in the same research study (Tashakkori and Teddlie 1998; 
2010). That means that research cycles from empirical results (e.g. from interviews) 
through induction to inferences about theory or generalisation, then from theory through 
deduction to tentative hypotheses or predictions of events or results (Tashakkori and Ted-
dlie 2010). It is not important, where the research starts, either starting with theories or 
with data collection/ observations, yet, Tashakkori and Teddlie (2010) assume that MMR 
cycles fully at least once.. These deductively and inductively emerging findings are the start-
ing point for another research cycle, where deeper understanding of the phenomena is ex-
plored (Tashakkori and Teddlie 2010).  
Johnson and Onwuegbuzie (2004) reason that MMR also uses abductive logic, which is the 
third type of logic next to deductive and inductive logic. Abduction is mainly based on 
ideas of Peirce (1974), who argues that observed (surprising) events should be attempted to 
explain by the development of hypotheses. This third logic is contested; however it is inte-
grated in pragmatism as for instance in Morgan (2007).  
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The central question of MMR is how to combine quantitative and qualitative analyses. 
Teddlie and Yu (2007) distinguish five types of mixed methods (MM) sampling strategies 
for a MMR design based on a review of studies that used MM:  
 basic MM sampling strategies (e.g. purposive random sampling) 
 sequential MM sampling (information from first sample is required for second 
sample, sequential use of quantitative and qualitative analysis or vice versa) 
 concurrent MM sampling (simultaneous use of quantitative and qualitative analysis, 
yet both sampling procedures are independent and allows to triangulate) 
 multilevel MM sampling (common for examining nested units of analysis as e.g. in 
organisations. An example from my study would be the analysis of the following 
nested levels: national water legislation and administration, water authority, em-
ployees of the authority) 
 sampling using multiple MM sampling strategies (the four above mentioned types 
are a simplification, since frequently a mixture of these types occur. E.g. sequential 
MM sampling does not describe the unit of analysis, respectively the potential ap-
plication in multiple units; in contrast, multilevel MM sampling focuses on multiple 
levels of analysis, yet it is not based on the differentiation between quantitative and 
qualitative analysis). 
Creswell (2008) mentions another mixed method strategy next to sequential and concurrent 
MM, namely transformative mixed methods, which can use a sequential or a concurrent 
approach. The difference is that transformative approaches have an overarching theory that 
constitutes the framework for topics, methods and anticipated changes of the study (Cres-
well 2008). Moreover, Creswell (2008) mentions that multiphase combination timing exists, i.e. 
that multiple phases (sub-studies) of a project exist that combine e.g. concurrent and se-
quential elements. 
One critique of MRR is that mixing should be done only within a paradigm. However Mor-
gan (2007) deconstructs the term paradigm and suggests a pragmatic approach with the meth-
odology at the centre. Morgan (Ibid.) further states to apply pragmatic concepts like abduc-
tion instead of deduction/induction or transferability instead of context/generalisation. 
Furthermore, there are different paradigms or conceptual stances within MRR, e.g. the a-
paradigmatic stance that assume that paradigms are unimportant for applied research in real 
world context or substantive theory stance that supposes that theoretical frames are more im-
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portant than philosophical paradigms (Tashakkori and Teddlie 2010). Another example 
would be the complementary strengths stance that assumes that MMR is feasible, but that the 
different methods must be kept separate as much as possible so that the paradigmatic 
strength of each method can evolve or the dialectic stance that assumes that the use of several 
paradigms improves understanding (Ibid.). The alternative paradigm stance as for instance 
pragmatism emphasizes the mix of methods and is particularly not convinced of any in-
compatibility between paradigms (Ibid.). 
5.3.2 Cross-disciplinary applications of MRR 
MMR can be therefore used for cross-disciplinary applications as substantiated by Tashak-
kori and Teddlie (2010). Interesting mixtures can occur, as for instance mixing GIS and 
qualitative software (Fielding and Cisneros-Puebla 2009). Yet, apart from this example, the 
application of MMR as interdisciplinary methodology between natural sciences and social 
sciences is not common. Creswell (2010) sees an emerging trend in using MMR within sev-
eral disciplines and across disciplines, however, in his “mapping of the MMR landscape” 
no further example in the field of environmental sciences is depicted, apart from the GIS-
example from Fielding and Cisneros-Puebla (2009). One similar example is from Nightin-
gale (2003), where she uses on the one hand aerial photo interpretation, triangulates results 
with vegetation inventory (quantitative analysis), and on the other hand oral histories that 
are triangulated with data from participant observations (qualitative data). In accordance 
with the purposes of MMR from Greene et al. (1989), Nightingale (2003) mentions that 
both research strings do not have to be triangulated necessarily for the interpretation of the 
overall results, but that one result can inform the other result for comparison or contradic-
tion.  
Mertens (2007) strikingly demonstrates the strength of combining qualitative and quantita-
tive methods within research that is both, conducted in difficult socio-economic and politi-
cal context and should potentially constitute the basis for sustainable change. As an exam-
ple, she describes that  qualitative analysis is needed to collect the perspectives of actors at 
each stage of the research process, while the quantitative dimension delivers outcomes that 
are credible for the actors (Ibid.). That means that mixed methods are essential for under-
standing complex settings and for delivering credible results to the involved local actors as 
well as involved scientists. Mertens (2007) transformative paradigm of using MMR shows 
strong relations to transdisciplinary approaches, as well as to action research, e.g. in terms 
of integrating stakeholders and their knowledge into the research, relationship and trust 
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between researchers and stakeholders, addressing power issues or in fully understanding 
the complex reality. Mixed methods potentially improve trust generation, since researchers 
are more responsive to the needs of the actors, and the actors recognize the strength of 
quantitative and qualitative evidence (Ibid.). 
5.3.3 Application of MMR within this thesis 
Since not many MMR examples from environmental studies exist, it would be worth de-
veloping further projects that utilise mixed methods research as it is intended with this the-
sis. My approach attempts to integrate various methods, data and inferring results, which is 
legitimized within MMR and needed for transdisciplinary research (qv. chapter 4.2 on 
transdisciplinarity). By means of MMR, the different perceptions and knowledge bases of 
the actors in my case study were explored.   
Furthermore, MMR is used within this study for the integration of qualitative observations 
with quantitative structured data like outcomes from model-based analysis. My study is 
based on mixed methods, because the different methods should be used for converging 
evidence, as well as for complementarity (cf. Yin 2009). The methods are used simultane-
ously and sequentially, where the preliminary analysis of the different inquires is conducted 
independently. Findings of all applied methods are merged together gradually and continu-
ously for getting a final analysis that integrates all evidence. However, it has to be under-
lined that the qualitative and quantitative components are not separated processes that are 
only merged at the end of the study, but that they inform each other during the whole re-
search process and are thus used for adaptation. This is essential for having a mixed meth-
ods study instead of a multiple methods study as described by Tashakkori and Teddlie 
(2010). The qualitative analysis is needed in my study to collect the perspectives of actors 
and to describe the context, which is also necessary for shaping the quantitative analysis. 
The quantitative analysis delivers outcomes that are credible and useful for actors, e.g. wa-
ter quality parameters, which is also necessary for the focus of the qualitative analyses. 
5.4 Methodology of case study research 
Case studies are frequently regarded as only being a research method, i.e. for collecting and 
analysing data. Yet, several annotations (e.g. Yin 2009) lead to the conclusion that case 
study can be considered as a methodology. This is substantiated by the following chapter, 
starting with a definition by Yin (2009), who states that “case study is an empirical inquiry 
that 
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 investigates a contemporary phenomenon...within its real-life context, especially 
when 
 the boundaries between phenomenon and context are not clearly evident.” 
Case studies can cope with situations, where “more variables of interest than data points” 
(Yin 2009) are available. Consequently, case study research relies on and utilises many dif-
ferent sources of evidence (data sources), especially documents and archival records, direct 
and participant observations, and interviews (Yin 1998; 2009). These multiple sources of 
information have to converge towards the same issue so that a fact can be established, i.e. 
data triangulation (cf. Patton 2002) has to be carried out with at least three different 
sources of data (Yin 1998; 2009; qv. chapter 5.8 on different triangulation possibilities; Fig-
ure 16). For establishing a reliable and robust fact (finding) of the case study, the evidence 
of the three applied methods needs to correspond to each other (Yin 2009). Triangulation38 
exists, if the multiple sources are analysed together and address the same fact based on the 
same research questions, whereas a separate analysis of multiple sources with different re-
search questions in sub-studies is not triangulation but a comparison between different 
facts and findings of the sub-studies (Yin 1998). Furthermore, case study research emulates 
approaches from natural sciences, e.g. preferring theory driven inquiries or to establish 
facts objectively, which strengthens the conclusions in terms of positivism39 (Yin 1998). In 
fact, theory development is an important feature within case study research for guiding data 
collection as well as for generalisation. The objective of case studies is to generalise theories 
(analytical generalisation) instead of generalising to populations (statistical generalisation40), 
i.e. the developed theory is used for comparing with empirical results from the case study 
(Yin 2009).  
Even if case study research is often considered as a qualitative research design (Denzin and 
Lincoln 2000), case study research can include qualitative and quantitative evidence (Yin 
2009; qv. chapter 5.3). This shows the proximity of case study research and mixed methods 
                                        
38 Triangulation is a metaphor imported from Geodesy. In my opinion this is not a particularly adequate 
metaphor, since triangulation in a surveying sense is different and means the determination of a point by 
using two known points, measuring angles and having one baseline. However, in a social science sense, trian-
gulation is meant to establish a fact by data from at least three sources, so that a more convincing metaphor 
would be needed. The triangulation in a social science sense is, to stay in metaphors, more like a position vector 
(vector analysis), which exactly defines an n-dimensional point.  In a 3-dimensional space, one would need 3 
coordinates for exactly describing the point. 
39 That means verification of hypothesis as the epistemology of natural sciences. For the debate on the falsifi-
cation of hypotheses, it is referred to Popper (1974). 
40 Case studies are not representative for the population (no random sampling). 
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research. Yet, mixed methods research, clearly emphasize an iterative and cycling nature 
between deductive and inductive reasoning. 
Accordingly, this strategy is particularly suitable for my research, because it fits to objec-
tives of my study and the overarching purpose of river basin management with its natural 
and engineering scientific basics embedded in a societal context and thus encouraging the 
stakeholders’ trust towards the research and its results. 
Figure 16: Convergence of information from multiple sources 
 
That means that it resembles a transdisciplinary process, for which according to Scholz 
(2011) an embedded case study design is appropriate. MMR is needed within the study, 
because results from one research string can inform the other result for comparison or 
contradiction.  
Yin (2009) further explains that case study is the appropriate research method, if 
(i) it is about more explanatory “how and “why” research questions 
(ii) the focus is on current issues within a real life context, and 
(iii) the researcher has little control concerning the situation. 
These mentioned points are applicable for my thesis, so that case study as a method was 
adopted for dealing with the complexity of the encountered problem situation in Ukraine, 
and for evaluating whether the developed framework is valid and transferable (construct 
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and external validity). The encountered situation in Ukraine will first be described and then 
explained in detail for the water resources management. Since I also integrate exploratory 
“what questions” into my thesis, next to the cases study method also methods like surveys 
and archival analysis are applied (MMR). 
These mentioned methods are valid for the first part of the research strategy, i.e. the situa-
tion analysis. Yet, my work was not limited on reporting of the results, but went on with 
developing recommendations and measures together with the stakeholders. In fact, stake-
holders were included from the very beginning of the research so that scientific and con-
text-specific knowledge could be combined, resembling action research and transdiscipli-
nary research. 
5.5 Transdisciplinary research strategy of the thesis 
We draw on the previously described theoretical framework (chapter 4) with action research 
(e.g. Schön 1983), transdisciplinary research (e.g. Pohl and Hirsch Hadorn 2008), and boundary 
management (Mollinga 2008; 2010). These theories are aligned with the methodological 
framework, i.e. with MMR and case study research.  
Within the IWAS project, quantitative and qualitative analyses are conducted (MMR), 
whereas my focus is on qualitative research and its interaction with quantitative research. 
Natural scientific quantitative data (“hard facts”, e.g. measured and modelled water quality 
parameters) that are (i) the basis for any river basin management, and (ii) sometimes have a 
greater credibility within engineering science and some societal groups (e.g. authorities) are 
combined with results from qualitative social scientific data. The latter generates outcomes 
that are credible, but also understandable, because they analyse and describe in detail how 
the situation is and which processes are of importance (Maxwell 1998). Thus, qualitative 
research is particularly suitable for cooperation and collaboration with practitioners or 
other stakeholders (Ibid.), i.e. important for transdisciplinary research. 
That means that our project has research purposes (“understanding”) as a basis for our 
practical purpose (“action and improvement”). The research purposes within the IWAS 
project were (i) to understand the context (governance and capacities) in which our project 
is carried out, (ii) to understand processes and causal relations in terms of natural and engi-
neering science within the river basin, (iii) to understand (socio-economic and governance) 
processes that lead to outcomes of events and actions (social science perspective), and (iv) 
to understand the interdependencies between (i)-(iii) and thus developing causal relation-
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ships between those factors. This is arranged following MMR within a case study, i.e. we 
applied research cycles of deduction and induction, i.e. between theory building and em-
pirical results. 
Based on that, the practical purposes of the IWAS project were to overcome water related 
pressures within the Western Bug River Basin, as well as coordination gaps (Governance 
capacities, organisational capacities, individual capacities and information). We refer to a 
cycling spiral with planning, action, and reflection in terms of results and action (action 
research). Thereby, we can generate improved results based on the interactions between 
theories and practice and we can pursue a continuous learning within the process.  
According to the principles of action research and transdisciplinarity, relevant stakeholders 
have been identified, consulted and integrated into research and practical purposes at the 
appropriate level from the very beginning of the project. Yet, the amount of relevant 
stakeholders increased within the first two years of the project. This was due to improve-
ments in our network activities and the resulting identification of further necessary actors, 
as well as due to extending our research to the national Ukrainian level.  
As mentioned by Hartley (2004), the theoretical framework may underlie changes during 
the course of the research, because of exploring new areas or the construction of new theo-
ries. It is supposed that rational planning approaches, i.e. first designing the process and the 
outcomes, is not always realistic, respectively not always leading to the desired results (cf. 
Forester 1989). But rather incremental approaches that combine strategic intent with flexi-
bility (cf. ECDPM 2009) are assumed to be more promising. Accordingly, my research plan 
was to develop an initial framework as described in chapter 7 (Leidel et al. 2012), which 
was gradually adapted and amended by further theories and insights from the case study 
mirroring the action research cycle, as well as the iterative and cycling nature of mixed 
methods research. Eventually this led to an emerging methodology for an integrated analy-
sis of environmental pressures and capacity gaps. In chapter 8 (Leidel et al. 2014) this man-
agement framework for combining quantitative and qualitative analyses (MMR) as well as 
for the interaction between different academic disciplines and other actors is provided, so 
that an integrated analysis of environmental pressures and capacity gaps is feasible. Teddlie 
and Tashakkori (2009) mention that “researchers will think of data less in terms of words 
or numbers and more in terms of transferable units of information that happen to be ini-
tially generated by in one form or the other”. Taking this into account, we developed the 
Subsystem-Pressure-Coordination-matrix as information units, based on the conjoint sys-
tems and capacity analysis with mixed methods results (Leidel et al. 2014; chapter 8.4). The 
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outline of my thesis research with the two research cycles can be seen in Figure 17. It has 
to be stressed that feedback loops exist between the single phase of the research cycles and 
the parts of the research planning (e.g. methodological framework or theory development). 
Figure 17: Research design of the thesis 
 
5.6 Research planning 
First of all, it has to be acknowledged that applied research is an iterative process, because 
the research questions are normally not static (Bickman and Rog 1998, Maxwell 1998). It-
erations within the research design and implementation is an essential factor for improving 
the quality, credibility and responsiveness of the research project, because of changes of the 
research environment, like improved knowledge, unanticipated challenges, or contextual 
shifts (Bickman and Rog 1998). 
Yin (2009) states that case study research follows an iterative process with the following 
parts: designing case study, data collection, data analysis and reporting. Within the design 
phase, Yin (2009) subsumes research questions, theoretical propositions, units of analysis, a 
logic to link data and propositions as well as criteria for interpreting outcomes. Maxwell 
(1998) suggests a research design approach with five components that are not linear or 
cyclic, but have an integrated relationship between each other: 
 study focus (purposes, goals and focus of the study, motives) 
 conceptual framework (theories, conceptual context, literature, personal experi-
ences, i.e. existing theory as well as developing and connecting theories for research 
setting) 
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 research questions (what should be understood by this study, how are questions re-
lated) 
 methods (what approaches and techniques; how are they connected to induce an 
integrated strategy) 
 validity (what are plausible other explanations; validity threats to conclusions) 
Research questions are the central element of MMR as described above (Tashakkori and 
Teddlie 1998) and the advantage is that the design and methods can pragmatically be se-
lected on “what works” (Plano Clark and Badiee 2010). Scholars like Maxwell (1998), 
Maxwell and Loomis (2003) or Tashakkori and Teddlie (2010) emphasize that research 
questions are interdependent with the focus of the study and the conceptual framework on 
the one hand side, and on the other side, they are interrelated with methods and validity, i.e. 
they propagate a more interactive model. My research also refers to this explanations and 
the integrated relationship between the research components. The advantage is that the 
integrated character of MMR is acknowledged more with such an interrelated concept, 
since it does not dogmatically stick to a linearity in research which is often not valid and it 
also better acknowledges the influences of the context on the research (cf. Maxwell and 
Loomis 2003; Plano Clark and Badiee 2010). Thus, the importance of context, purposes 
and political agenda for mixed methods research questions has evolved (e.g. Mertens 2007) 
and accordingly we also stick to an interrelated research design with its obvious interde-
pendencies to context and political agenda as shown. 
5.7 Research Design 
Research design is according to Yin (1998; 2009) a logical process or an action plan that 
connects the research questions to the outcomes and vice versa. Choosing a research de-
sign therefore depends on the research questions and whether it is quantitative or qualita-
tive research or mixed methods. Types are for instance experimental research designs, or 
descriptive research designs. Yet, as outlined in Bickman, Rog and Hedrick (1998), often a 
hybrid is used, especially within dynamic research conditions with multiple questions to be 
answered. 
One feature of the research design of normative studies, for instance, is to identify which 
variables need to be compared to “standards”, and it has to be analysed which standards 
are appropriate (Ibid.). Within my research, standards are the state-of-the-art in sustainable 
water management (e.g. EU-WFD), as well as international conventions (e.g. UNECE-
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Convention on the Protection and Use of Transboundary Watercourses and International 
Lakes) and national legislation, i.e. in my case Ukrainian legislation. My design comprises 
descriptive, correlative, and normative questions.  
Furthermore, the level (unit) of analysis has to be defined so that consequently also the 
boundaries of the study can be defined (Bickman, Rog and Hedrick 1998; Yin 1998; Yin 
2009). Additionally, the level of precision and the key variables have to be selected, i.e. the 
variables that are useful for the research task (Bickman, Rog and Hedrick 1998).  
Validity is a central criterion of research design, and Bickman, Rog and Hedrick (1998) 
mention the importance of the representativeness of data sources, i.e. how they are selected 
(universe, random sample, nonprobability sample, etc.). They further mention the impor-
tance of the measurement time frame (e.g. one shot, cross-sectional or longitudinal study). 
Important is to be aware of the reflexivity, i.e. the mutual interactions between the researcher 
and the stakeholders as research participants (Maxwell 1998) and its potential threats to 
validity. He further states that the researcher has to think about the relationship s/he wants 
to have with the actors and how to establish it, especially if action research or collaborative 
research is conducted. 
5.7.1 Case study design 
Case study research design can be explanatory, descriptive or exploratory (Yin 1994). 
Within my thesis, I focus mainly on an explanatory and descriptive research design, which 
interacts with the engineering and natural science research as well as further social science 
research of colleagues. Case studies can be designed as single or multiple cases, whereas 
multiple cases can enhance analytic generalisations by having evidence from several cases in 
terms of literal and theoretical replication (Yin 1998). Yet, as mentioned above, a sample is 
still needed for inferring to the population. 
 Within case study research, a unit of analysis can be an individual person, group of persons 
or organizations, decisions, programmes, implementation process or organisational change, 
i.e. the case needs to be a real life phenomenon (Yin 1998; 2009). There can be also em-
bedded units of analysis, i.e. a main unit exists with several subunits, where analysis has to 
be done on all levels (Yin 1998). The embedded design belongs also to the major mixed 
methods types of design as described by Creswell (2008) next to convergent parallel design, 
explanatory sequential design, exploratory sequential design, transformative design and the 
multiphase design. Important to note for the embedded design is that the analysis within 
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the subunits can involve other methods than the case study method, e.g. using archival 
data, so that Yin (1998) argues that the overall case study could be based e.g. on quantita-
tive analysis at subunit level and qualitative analysis within the main unit. Consequently the 
case study would be qualitative and quantitative (Chapter 5.3). It should be attempted to 
distinguish between the unit of analysis (the topic of the case study) and the context (Yin 
2009), thus constituting the scope of the study. Furthermore, boundaries of the case have 
to be defined, e.g. temporal, spatial or concrete ones like parts of a management cycle 
(Ibid.). However, boundaries between case and context are often diffuse and contextual 
conditions possibly change over to be part of the case (Yin 1998). Within the case study on 
the Western Bug River, for instance, the national Ukrainian environmental legislation and 
the environmental ministry were considered to be part of the context at the beginning of 
the research, but later on turned out to be a key part for my case study. This describes the 
advantage of case study research that the research is permitted, even if exact boundaries are 
not known at the beginning (Yin 1998). In fact, case study research wants to explore the 
relationship between the context and the case (Yin 2009). Therefore, the case study 
method, and especially the embedded design, is particularly apt for structuring transdisci-
plinary processes (Scholz 2011) so that I have chosen this design for my research. 
Summing up, there are four types of case study designs, (i) single-case study with single 
(main) unit of analysis, (ii) single-case study with embedded units of analysis, (iii) multiple-
case study with single (main) unit of analysis, and (iv) multiple-case study with embedded 
units of analysis (Yin 1998).  
5.7.2 Design of the study in the Western Bug River Basin (WBRB) 
Within my case study on the WBRB, a single case with embedded units of analysis was 
chosen, in order to improve the opportunities for in-depth analyses and thus avoiding that 
only abstract analyses were conducted (cf. Yin 2009).  
This design further allows improving the focus of the case study inquiry to the research 
questions (Yin 2009). Within my inquiry, the embedded units that are necessary for study-
ing water resources management with a focus on water quality problems were selected 
based on experiences and the analysis of previous investigations, theory development, and 
thus on the research questions (Figure 18). The main unit of analysis (the case) is the water 
resources management in the Western Bug River Basin as man-environment system. A 
single case design is justified, since my study represents a critical case, i.e. the case is used 
for testing and potentially adapting my developed theory (cf. Yin 2009). 
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5.7.3 Study focus and conceptual framework 
The first part within the research planning is to define the purpose or the focus of the research, 
i.e. that the problem has to be understood, e.g. by analysing literature, obtaining experts’ 
and stakeholders’ opinions, or field trips to get a realistic and context-specific impression 
(Bickman, Rog and Hedrick 1998). 
Figure 18: Embedded single-case design of the study in the Western Bug River Basin 
 
Next to that, a conceptual framework has to be developed and iterated with the problem un-
derstanding, i.e. which theories and key factors are used for the study, respectively in more 
policy or programme related studies also guidelines, concepts or expectations can be inte-
grated into the conceptual frame (Ibid.). Such theories should assist in assessing the pur-
poses of the study and to develop realistic and relevant research questions and conse-
quently methods and to check validity threats (Maxwell 1998). An underlying (hypothe-
sized) logic (model) is useful for the conceptual framework, respectively for theory devel-
opment (Rog 1994; Yin 1998). That means that the interactions between frameworks, 
goals, activities and outcomes have to be comprehensible, which is especially important in 
terms of policy or programme research, so that interventions can be developed in a struc-
tured way and thus potentially reducing “ill-defined interventions” (Rog 1994). Such “ill-
defined” interventions lack both, a sound problem understanding as well as a sound con-
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ceptual and logic framework and often occur under politically and socially intricate condi-
tions (Ibid.). Besides, transdisciplinary approaches also reduces the danger of “ill-defined” 
interventions. The development of the conceptual framework is more than “literature re-
view”, since it is constructed by the researcher who provides the coherence between the 
single pieces of theories (Maxwell 1998). For setting up a conceptual framework41, Maxwell 
(1998) describes the following possibilities: 
 experiential knowledge, i.e. the incorporation of the researcher’s existing experi-
ences. Yet, “critical subjectivity” is needed, i.e. to be conscious about the personal 
bias and use it as part of the research process (Reason 1988 in Maxwell 1998). 
 existing theories and research, which can give justifications for the study by discov-
ering unsolved issues or it can reveal challenges of the research concept. And it can 
be used for generating new theory and for validating the developed concepts. 
 pilot and exploratory studies for testing methods or for developing grounded the-
ory by induction. Very important for developing conceptual frameworks is to com-
prehend the meaning that the developed concepts have for the stakeholders, as well 
as their perspectives towards the concepts. These insights can be provided by pilot 
studies. 
 Thought experiments to answer “what-if” questions, e.g. to test the current theory 
for logical implications. 
At the same time research questions and the scope of the study, together with the relevant stake-
holders, need to be identified and eventually refined or clarified. Such a research agenda 
should be as comprehensive as possible, i.e. it should be attempted to integrate all stake-
holders’ objections in order to avoid that it is considered as biased (Bickman, Rog and 
Hedrick 1998; qv. chapter 4.2). 
5.7.4 Research questions and hypotheses 
Some scholars advocate a linear approach, i.e. that research questions are the central start-
ing point for mixed methods research and that they “dictate” the methods to be used (e.g. 
Johnson and Onwuegbuzie 2004). However, we stick to the opinion of scholars like Max-
well and Loomis (2003) or Tashakkori and Teddlie (2010) who acknowledge also the cen-
trality of the research question, yet, they emphasize that research questions are interdependent 
                                        
41 One technique of organising, representing and developing a conceptual framework with all interactions 
between the different concepts and theories is concept mapping (Novak and Gowin 1984; Novak and Canas 
2007). 
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with all other parts of the research design, i.e. they should not be determined at the begin-
ning of the research, but should be adaptable to changes as mentioned above (inductive 
nature of applied research). They should be specified and finalised only after clarification of 
goals, focus and conceptual frame of the study, meaning that sometimes a good portion of 
research has to be done before knowing the “right” research questions (Maxwell 1998). Yin 
(1994) states that the identification of research questions is already an important achieve-
ment in conducting case studies. “Good” research questions should assist in focusing re-
search, how to implement the study, relate to purposes and context and should be answer-
able by the study in mind (Ibid.). The strength of qualitative approaches is to ask “how” 
and “why” research questions focusing on the process how things happen, instead of vari-
ance questions like “to what extent” or “whether”, which focus on difference and correla-
tion (Ibid.). Thus, Maxwell (1998) advocates to develop questions about what is the mean-
ing of actions to the stakeholders involved and what are the influences of the physical and 
social context towards these actions and how the meaning and the influences are involved in 
these actions. Mixed methods research can address several research questions simultane-
ously (Tashakkori and Teddlie 2010). Yet, units of analysis that should be triangulated, as 
for instance in an embedded design, need to be based on the same research question (cf. 
Yin 1998).  
Additionally, Yin (1998) highlights the importance of developing theoretical proposi-
tions/hypothesises (theory development) as a blueprint for designing the study, which 
should also include rival theories, e.g. for testing the targeted theory. As we set up a mixed 
methods research design, we agree with Yin (1998), however, we utilise both, theory devel-
opment and empirical results within an iterative cycle. Thus, exploratory as well as explana-
tory research questions are used for exploring the “relationship between entities, the proc-
ess that underlies these relationships and the context of these occurrences” (Tashakkori 
and Teddlie 2010). 
In summary, research questions describe what the researcher is interested in, and hypothe-
ses focus on what should be studied, thus supporting the search for evidence. 
5.8 Methods 
According to Corbin and Strauss (2008), methods are “techniques and procedures for 
gathering and analysing data”. Maxwell (1998) defines, in a more comprehensive way, 
methods as “...the means to answering your research questions...”, e.g. questionnaires for a 
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survey need to be developed in such a way that they reveal the information necessary for 
answering the research questions. A selection of methods can be found in Table 11.  
Yin (2009) demonstrates that for choosing the proper method, three conditions are deci-
sive: (i) type of research question (e.g. what, who, how, why), (ii) extent of control that the 
researcher has over the events and (iii) focus on contemporary events (Table 11). This 
shows that the choice of methods depend on and interrelate with the other components of 
the research design and obviously on the studied object. Important is to anticipate or test 
(e.g. pilot studies) how the data collection strategy will work in reality (Ibid.). Maxwell 
(1998) states that methods need to be prestructured, i.e. a data collection plan is necessary.  
Table 11: Conditions for using different methods 
Method 
Type of research 
question 
Likely purpose 
of study* 
Control of 
event needed? 
Focus on contempo-
rary events? 
Experiment how, why 
exploratory, 
explanatory 
yes yes 
Survey 
what, who, how much, 
how many 
exploratory, 
descriptive 
no yes 
Archival 
analysis 
what, who, how much, 
how many 
exploratory, 
descriptive 
no yes/no 
History how, why 
exploratory, 
explanatory 
no no 
Case study how, why 
exploratory, 
explanatory 
no yes 
*All methods can be used for the three different purposes, yet some are more advantageous for a specific 
purpose, thus more likely to be used. 
Source: Modified after COSMOS Cooperation in Yin (2009) 
Yin (2009) further mentions that there are no clear borders between the methods and that 
it is possible to use multiple methods within a study, e.g. a survey within a case study. Since 
my research is within real-world settings with several research questions, the integration of 
multiple methods is justified (cf. Bickman and Rog 1998). In fact, utilisation of data from 
diverse methods potentially improves the confidence (validity) of the results, respectively 
makes valid results more likely, because it potentially reduces biased outcomes due to spe-
cific methodically inherent problems. In addition, using multiple methods is a practicable 
way if random sampling is not possible as in my case. 
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We apply not only multiple methods, but we also use mixed methods as described in chap-
ter 5.3. That means that qualitative data are interpreted and qualitative data are statistically 
inferred, but the two parts are not separated and only merged at the end of the study, but 
that they inform each other as far as feasible during the whole research process as de-
scribed by Tashakkori and Teddlie (2010). 
The process of integrating different methods is called triangulation (Bickman and Rog 1998, 
Maxwell 1998). Denzin (1978 in Janesick 1998) and subsequently Patton (2002) differenti-
ate four types of triangulation, (i) methodological, (ii) data, (iii) theory and (iv) investigator. 
In fact, methodological triangulation usually implies that also data triangulation is elabo-
rated. A fifth type, the interdisciplinary triangulation, was introduced by Janesick (1998). 
Accordingly, I applied a methodological, data and interdisciplinary triangulation between 
quantitative research from natural sciences and the social scientific qualitative research as 
shown in the developed model-based and capacity-based IWRM framework for seeking 
convergence, especially for improving the comprehensiveness of measurements, as well as 
resulting management options (qv. chapter 8).  
Yet, triangulation is only one out of five purposes of mixed methods research (Greene et 
al. 1989; chapter 5.3.1). Since I conduct a mixed methods study, the applied methods are 
not only used for converging evidence (triangulation), but also for complementarity and 
expansion. The methods are used simultaneously and sequentially, where the preliminary 
analysis of the different inquires is conducted independently. Findings of all applied meth-
ods are merged together gradually and continuously for getting a final analysis that inte-
grates all evidence. This is also in accordance with findings of implementation research, 
where quantitative and qualitative methods are applied simultaneously or sequentially for 
reaching similar results by inter alia (i) converging results from different sources, (ii) using 
the two different approaches for explaining the results from each other (iii) using one set of 
methods for developing a focused application of the other methods (Palinkas et al. 2011, 
2013).   
As mentioned above, case study is used as a method within this thesis, as well as further 
qualitative research methods like surveys, capacity assessments, and archival analysis 
(documents and materials) for gathering and analysing data within the socio-economic and 
governance system (Water and Environmental Administration, Institutes for Research and 
Education, Water Service Provider, Figure 18). Data sources, i.e. sources of evidence, are inter-
views, questionnaires, documents, archival records (e.g. legal documents, socio-economic 
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data), focus group discussions, and observations. The quantitative analysis of the environ-
mental system applied a model based systems analysis as method with field studies and 
archival records inter alia of hydrological, meteorological, and water quality parameters, as 
well as documents (laws, ordinances, and monitoring reports) as data sources (chapter 
5.7.2). I conducted the analyses together with colleagues from the IWAS consortium, 
whereas my study focus was on the qualitative research parts as well as its interaction with 
the analyses of the environmental system, but not on the analyses of the environmental 
system itself. The results led to several scientific publications as described in the case study 
in chapter 7 and 8. 
5.8.1 Sampling 
My research attempts to understand the complex situation of the water resources manage-
ment within the Western Bug River Basin, what influences exist, how different aspects are 
related, and what the stakeholders’ perception towards these problems is. Therefore, pur-
posive sampling42 as a nonprobability sampling technique was applied, which is common in 
case study research (Maxwell 1998, Patton 2002, Bernard 2011). Purposive sampling means 
that not random samples are selected but sample units (e.g., individuals, events, institu-
tions) are selected on purpose based on researcher’s knowledge that the chosen samples 
hold information that cannot be gained from other sources for answering research ques-
tions (Maxwell 1998, Patton 2002, Teddlie and Yu 2007, Bernard 2011)43.  From the broad 
range of purposive sampling techniques (e.g. Henry 1998, Patton 2002, Teddlie and Yu 
2007), two sampling techniques have been chosen, namely expert/ stakeholder sampling 
(Bernard 2011describes this as critical cases sample,) and snowball sampling. We identified 
regional and national Ukrainian experts, as well as the major stakeholders that are relevant 
for the research questions and that potentially have different perceptions about the causes 
of water pollution (Authorities, NGOs, water service provider, universities and research 
facilities). The identification was elaborated based on local knowledge (through a German 
consulting company named DREBERIS with an office in L’viv, Ukraine), literature, docu-
ments, legislation, regulations and later also based on snowball sampling, i.e. existing in-
formants have been asked for further accessible knowledge sources (Individuals, legislation, 
procedures). One success factor of the data collection for my study was to gradually im-
prove the relationship with local actors, which started with establishing contacts to staff of 
                                        
42 Sometimes also called judgment sampling (e.g. Marshall 1996) or qualitative sampling (e.g. Teddlie and Yu 
2007).  
43 Bernard (2011) put it in a nutshell: “It would be pointless to select a handful of people randomly from a 
population and try to turn them into trusted key informants.” 
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local and regional authorities, NGOs and universities within the oblasts44 L’viv and Volyn. 
They gradually provided contacts to the middle level management, the senior management 
level/ faculty councils and the directors/ professors. Consultations and open interviews 
with the directors have been used for clarifying the research interest, the advantages for 
their organisation in participating, and to overcome concerns towards their participation. 
With all stakeholders, written agreements have been signed that described the research co-
operation and the responsibilities of both parties (memorandum of understanding, treaties; 
included in doctoral thesis data base, e.g. treaty between Technische Universität Dresden 
and the Western Bug River Basin Department in agreement with the Ukrainian State 
Committee of Water Management and the German Ministry of Environment-BMU). How-
ever, developing personal contacts was the key to get data and information. The sampling 
of the first research cycle on the regional level was done until no additional substantive 
information could be identified. However, within the second, iterative cycle of my research, 
it became evident that for further investigations and measures more information from the 
national level and a central (national) approval is needed, i.e. it became necessary to estab-
lish profound contacts to the national Ukrainian level (Ministries, NGOs, associations, 
experts). 
As Bernard (2011) mentions, identified participants need to have the necessary knowledge, 
but also the willingness and ability to participate and communicate and to be reflexive 
about expertise and experiences. All enquiries have been accepted by the participants, yet, 
there was a varying degree of willingness to participate as well as the ability/willingness to 
communicate critical issues. Through the creation of trust during our frequent field trips, 
this reticence could be reduced (qv. the case study in chapter 7 and 8 for details and results 
of the data collection and analysis).  
In order to increases the external validity, a broad and comprehensive approach was cho-
sen. As proposed by Glaser (1978 and Bernard 2002 in Palinkas et al. 2013), my sampling 
strategy was to start with sampling for breadth (variation) followed by an in depth sampling 
of specific components. However, due to limited resources, this chosen comprehensive 
approach has the disadvantage that the depth of some measures is limited, i.e. a reduced 
level of precision. 
5.8.2 Data collection  
Within this study, several forms of data as sources of evidence have been used: 
                                        
44 The first level of Ukraine’s administrative division is called oblast (province). 
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 self report data based on interviews and questionnaires (surveys) and assessment 
workshops 
 archival records: extant databases and (online) information systems (e.g. hydrolog-
cial data, meteorological data, water quality, land uses, census, demography, various 
maps) 
 observational data of issues, events, and actions 
 documents (administrative documents like legislative text, regulations, by-law, 
strategies, reports; reports of former projects; minutes and written reports of meet-
ings and events; personal documents like notes and e-mails) 
 maps and geospatial data 
5.8.2.1 Self report data 
Self report data have been laborious to collect in the case of assessment workshops with 
previously sent questionnaires (survey) as written corroboration that have been used as 
basis for the workshop (chapter 6.2). One major challenge towards obtaining reasonable 
results was the language issue, which could be solved by simultaneous translation of the 
interactive assessment workshop, as well as a German and a Ukrainian facilitator, who 
jointly conducted the workshop. Another challenge was to get all relevant stakeholders to 
the workshop and that they do not prevent an open discussion. 
Interviews are an essential source of information for case studies as well as surveys (Yin 
2009). According to Bickman, Rog and Hedrick (1998), semi structured and unstructured 
(open) interviews are appropriate for descriptive and exploratory research within new cir-
cumstances. Hence, we conducted such types of interviews in the beginning of my research 
for getting insights into the complex situation. During the course of the research project, 
further semi-structured interviews were conducted (Hagemann and Leidel 2014, Hagemann 
et al. 2014a, b). Yin (2009) distinguishes between in-depth interviews and focused inter-
views. The first type is characterized by several sittings with key persons in which they de-
scribe the facts as well as their opinion and insights, where the interviewee potentially con-
verts into a key informant (Ibid.). Key informants are often decisive for the success of a 
case study, because they can provide deep insights into the situation and they can provide 
additional data sources or additional interviewees (snowball sampling; Yin 2009). Yet, key 
informants can be also biased or may have a hidden agenda, so that Yin (2009) advices to 
corroborate or contradict such information by other data sources. Within the Ukrainian 
Methodological framework 160 
 
 
 
case study, for my personal research focus, three interviewees turned into key informants, 
one senior expert from the regional environmental administration in the WBRB, and two 
senior experts currently working as environmental consultants within Ukrainian water re-
lated projects but having long standing work experiences within the environmental Ministry 
and thus good contacts. 
Within the second type, focused interview, the actor is interviewed for a shorter time pe-
riod, e.g. one hour, often with the purpose of corroborating facts (Yin 2009). Hereby, at-
tention should be given not to use leading questions and secondly, when different respon-
dents give the same answers, it should be checked, whether this is really corroboration or 
conspiracy (Yin 2009). In our survey, for instance, two respondents from two different 
regional authorities answered the same facts and opinions about the situation. My investiga-
tions discovered that there is an informal connection between the two persons, where ap-
parently one person influenced the other one so that I did not use the data for corrobora-
tion.  
Surveys have a structured questionnaire (can be also executed as interview) and deliver 
quantitative data, e.g. within an embedded case study (Yin 2009). If opinions or attitudes of 
respondents are corroborated with each other, the study is a survey, whereas in interviews 
opinions or attitudes are considered definitive (Yin 1998; 2009). Yet, interview data report-
ing behaviour needs to be corroborated (Yin 1998; 2009). In our study, a questionnaire for 
the relevant stakeholders in the WBRB was developed with open-ended question. Within 
the evaluation of the e-learning module, questionnaires with closed and open questions 
were developed (qv. chapter 9.2). 
5.8.2.2 Documents and archival records 
Documents are an important source of evidence, since they are independent from the case 
study, can be repeatedly analysed, and are normally exact in terms of names, event descrip-
tion, and often cover a broad field needed for the investigation (Yin 2009). However the 
researcher has to be aware that they are potentially (i) difficult to find or be accessed, (ii) 
biased by the author, or (iii) selectively biased, if not all relevant documents are collected 
(Yin 1998; 2009). Nevertheless, documents are essential for making inferences and cor-
roborating information from other data sources (Yin 1998). Within my case study, some 
documents could be obtained from homepages of Ministries, authorities, and previous re-
search and development cooperation projects. Yet, not all information needed were avail-
able, respectively the search was also impeded by language difficulties. Therefore, also bi-
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lingual Ukrainian scientists were employed that screened the internet for further relevant 
documents and databases and for translating those sources into English or German. This 
in-depth search can reduce the selectivity bias. Additionally, documents and data from ex-
tant databases were obtained directly from several regional authorities, which was often a 
lengthy and difficult process, since trust generation was the precondition and only reached 
by frequent meetings.  
Data from archival records have the same advantages and disadvantages and they are nor-
mally precise and of quantitative nature (Yin 2009). Within the case study in the WBRB, 
the information from databases (e.g. water quality parameters) was often not consistent and 
reliable. Beyond that, the data was sometimes expensive (qv. chapter 8 for details on data 
collection). 
5.8.2.3 Observational data 
Observational data can be separated into direct observations and participant observations, 
whereas the first one is conducted by field visits delivering additional information, e.g. ob-
servation of meetings, the conditions of infrastructure and facilities, or curricula (Yin 1998). 
As proposed by Yin (1998) we increased the reliability of direct observational data by regu-
larly having several observers. The peculiarity of participant observations is that the re-
searcher is integrated and participates in the events s/he is concurrently observing (Yin 
1998). The enormous advantage is that the researcher gets access to situations that are oth-
erwise impossible to study, respectively to get insights from an insider perspective, which is 
often argued to be invaluable for analysing the case study accurately (Yin 2009). Only par-
ticipant observations allow for manipulating events, e.g. organizing a meeting for gathering 
data (Ibid.). However, there are disadvantages as well, mostly related to potential bias of the 
researcher due to the limits of not being an external observer or the researcher becomes 
even a supporter of the studied group (Yin 2009). In the WBRB case study, participant 
observations were a major source of evidence. To confront the disadvantages, the rules of 
good scientific practice have been obeyed stating that advocacy roles for any party involved 
should not be taken. Researcher bias and reactivity varies, however it is always existent in 
qualitative research and thus affect data collection and validity of the study results (cf. 
Maxwell 1998 and the chapter 5.9 on validity). Another practical problem can be that the 
researcher’s role as participant is so stressful that there is only limited time for the role as 
observer (Yin 2009). Therefore, always several colleagues were present in the events of our 
case study and data was analysed jointly, so that both roles could adequately be fulfilled.  
5.8.2.4  Process of data collection 
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The process of collecting observational data was a long term process over five years be-
tween 2009 and 2014 with several events and actions (e.g. Table 15). Minutes of the events 
were prepared as observational recording form for documenting the information (qv. doc-
toral thesis database). Observations were manifold and included conditions of infrastruc-
ture, e.g. waste water treatment plants and sewer system, curricula and teaching arrange-
ments at universities, meetings. 
Data has to be accurate, reliable and valid, i.e. (i) it has to be asked whether we measure 
what we wanted to measure (construct validity), (ii) it has to be checked whether databases 
are consistent, and (iii) whether errors are sufficiently small (Bickman, Rog and Hedrick 
1998).  
Within the data collection process, also a case study protocol should be elaborated, which as-
sures the reliability of the research (Yin 1998; qv. Table 12). It should include an overview 
of the study (objectives, background information), field procedures (e.g. access to organisa-
tions, schedule, workarounds for unanticipated incidents), which are important because the 
researcher works in real world settings as opposed to the controlled environment for data 
collection within other methods like experiments (Yin 2009). Within my case study, I was 
developing a case study protocol, where, e.g. the overview of the study was also used as 
introductory text for the invitations of interviewees or survey participants. The field proce-
dures included the “logistics” of the field study in Ukraine, i.e. questions concerning the 
availability of translators, schedules for interviews with buffer time for staying in the 
schedule, and being creative about workarounds for frequent unanticipated incidents like 
traffic jams, changing schedule for interviews because of interviewee’s rearrangement re-
quests. Moreover, they incorporate the adaptation of “tactics” how to approach the differ-
ent stakeholders. 
Another essential point in this respect is described by Yin (2009) that case studies often 
have to differentiate between the unit of data collection and the unit of data analysis. 
Within my case study, for instance, the unit of data collection was frequently individual 
persons (e.g. interviews), but the unit of data analysis was the water resources management 
with its organisation and politics. That means that my conclusions cannot be drawn com-
pletely from the individuals acting within the water resources management, but have to be 
based also on other data sources like documents on administrative work and results, strat-
egy papers, so that I gain information about the water resources management and not only 
about the individual opinion of actors within water resources management. Accordingly, 
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the case study questions were about water resources management and not about the indi-
vidual actor. Last but not least, the protocol should integrate a guide for the case study 
report (Yin 2009). In my example, it was clear that a doctoral thesis should be developed 
out of my personal case study results, next to a final project report within the IWAS project 
for the funding German Federal Ministry for Education and Research (BMBF). Addition-
ally, a final project report specifically tailored for the actors within the Ukrainian case study, 
incorporating all results from the different IWAS working groups within the Ukrainian case 
study, was planned. In fact, it was one explicit aim of the study to transfer research results 
to various stakeholders varying from specialists to laypersons, which is a strength of case 
study research (cf. Yin 2009), in different formats namely narratives, but also lectures at 
Ukrainian universities as well as e-lectures within an e-learning module (qv. chapter 9 for 
details on the e-learning module). 
This thesis is written in the style of a classical single-case study (mixed method study), i.e. a 
single narrative is used for describing and analysing the case including figures (Yin 2009). It 
is elaborated in a linear-analytic structure, i.e. starting with the problem, literature review, 
used methods, findings, conclusions and implications (Yin 2009), because this is the most 
common way of arranging a report for an academic audience and most researchers, espe-
cially from natural and engineering sciences, are used to this well-proven style.  
Furthermore, a case study database should be developed to organise the evidence, which is 
not only a collection of materials, but should also include emerging narratives (Yin 1998). 
That means that the evidence from the various data sources is incorporated in the database 
and not only the single sources separately (Ibid.). A database supports data analysis and it 
improves the reliability of the research, since it enables other researchers to review how the 
conclusions were developed out of the raw data (Yin 2009). The data within the database 
has to be stored and classified in a way that facilitates retrieval, e.g. according to the major 
topics as described in the case study protocol. The following data should be integrated (Yin 
2009): case study notes, case study documents, tabular materials (e.g. survey data), and nar-
ratives. 
Last but not least, a chain of evidence should be maintained, i.e. a sequence from research 
questions to the conclusions, where each single step of research can be identified (Yin 
1998). It is related to the construct validity.  
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5.8.3 Data analysis 
Data analysis has to start right after the first data collection has been finished e.g. the first 
interview (Maxwell 1998), or as Yin (1998) mentions that triangulation of evidence occurs 
during data collection and can be considered as a first analysis. Accordingly, I also have 
analysed the data successively after the data collection/ events. Neuman (2000) mentions 
that first analyses can deliver necessary information for further steps of the research proc-
ess. Accordingly, the directly analysed data was frequently used immediately afterwards for 
focusing further data collection and shaping the participatory process with the stake-
holders. The (preliminary) analysis of data from the first day of the capacity assessment 
workshop, for instance, was used to frame the discussions on the second day. After the 
field trips, the single preliminary analyses were summarized. The main analysis starts after 
the data collection is finished, i.e. the collected evidences are manipulated (e.g. categorizing 
or tabulating) to address the hypotheses of the study (Yin 1998). 
Maxwell (1998) describes three main strategies for qualitative analysis, namely  
 categorizing (especially coding), i.e. cracking the data and rearrange it into catego-
ries (from existing theories or grounded theory), which supports organizing the 
data, its comparison and thus a general understanding; 
 contextualizing (e.g. narrative analysis, case study), i.e. to understand the data in the 
whole context; 
 memos and displays, i.e. to make analyses visible and top support thinking about 
relationships in the data. Displays (e.g. matrices, concept maps, networks; cf. Miles 
and Huberman (1994)) are suitable for data reduction and presentation/ analysis 
that facilitate the holistic understanding of the data. 
Maxwell (1998) emphasizes that these three strategies should be combined for delivering 
the essential data. Software packages can assist in qualitative data analysis, however, com-
puterized tools cannot readily utilise the multiple sources of evidence, which are necessary 
for real life conditions of case studies (Yin 2009).  
A possible starting point for data analysis is to “play with the data”, e.g. a matrix of catego-
ries and evidence, flowcharts or chronological sequence of data (cf. Miles and Huberman 
(1994). Yet, Yin (2009) argues that analytic strategy is needed, because otherwise it has 
more the character of a haphazard process. Four strategies that can be used are proposed 
by Yin (2009): First of all, the most important strategy is, obviously, to stick to the theo-
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retical propositions (hypotheses). Secondly, a descriptive framework for organising the 
study can be developed. Thirdly, a strong strategy would be to use qualitative and quantita-
tive data jointly, as described above for the embedded case studies. Fourthly, rival explana-
tions can be defined and tested and used together with the other three strategies, e.g. rival 
hypotheses/ theory or rival descriptive frameworks. Yin (2009) lists a set of rival explana-
tions and emphasizes that the more rivals are addressed and rejected the more confident 
are the results.  
5.8.3.1 Analytic techniques 
An important technique for strengthening internal validity is pattern matching, i.e. that an 
empirically based pattern is compared with a predicted one (Yin 2009).  Another technique 
is explanation building, which is, similarly to the pattern matching, mainly used for explana-
tory case studies. Yet, it can be also used for exploratory case studies, i.e. hypothesis gener-
ating as stated by Glaser and Strauss (1967), which, however, does not focus on concluding 
a study but on developing new ideas (Yin 2009). Explanation building often occurs in nar-
rative form for explaining the how or why of something and, in the best case, reflects the 
theory (Ibid.) Time series analysis is another technique for analysing data over time, which 
is normally always possible when events are observed over a time period (Ibid.). Yet, also 
causal propositions or hypotheses are necessary, i.e. the observed time series is compared 
to a theoretical trend or a rival trend (Ibid.). A specific case would be a chronology, or if no 
proposition is available, it is called chronicle, i.e. it is a description but no causal inference 
(Ibid.). A further technique is a logic model, which combines pattern matching and time 
series analysis, i.e. a complex sequence of linked events over a period of time (Yin 2009). 
Again, empirically observed data is compared with predicted theoretical events (Ibid.). That 
means that a logical model should be defined before the data collection, followed by testing 
how well the empirical information fits to the logic model (Yin 2009).Within an embedded 
unit of analysis, also quantitative links can be used for a logic model (Yin 2009) Logic mod-
els are graphically often described in a linear sense, but real life processes are often not 
linear but more dynamic and continuous so that, Yin (2009) suggests using an alternative. 
All activities/events are mapped and appear on “growth rings of a tree” with the centre 
being the “best” condition for change, so all activities have to be aligned there. Each “trunk 
cross section” displays a period of time, thus several “trunks” can show the chronology.  
Finally, the purpose of data analysis is to make inferences, i.e. making sense of the results. 
Especially important is the question on how to elaborate inferences that are based on quali-
tative and quantitative analysis as within MMR (Tashakkori and Teddlie 2010). Teddlie and 
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Tashakkori (2009) mention inter alia to focus on the research question, since inferences 
should answer them. Moreover, inferences should explain situations and events, so that 
conclusion can be drawn ranging from global and abstract explanations to more concrete 
ones that explain specific situations (Ibid.).  Results from the qualitative and quantitative 
data analysis within MMR are compared and contrasted continuously and eventually inte-
grated to get a more general answer (Tashakkori and Teddlie 2010).  
5.9 Validity 
A research design needs to be credible and therefore the quality of the research has to be 
tested; correspondingly e.g. Cook and Campbell (1979 in Bickman, Rog and Hedrick 1998) 
mention four types of validity 
 internal validity (credibility) as the extent to which a causal conclusion can be 
soundly established, 
 external validity as the extent to which the research results are generalizable from 
the context of the study to other settings, meaning inter alia  that researchers have 
to convince decision makers that the results are useful for them and applicable for 
the encountered problem. 
 construct validity as the extent to which the conceptual framework can be opera-
tionalized in the study 
 Statistical conclusion validity, as the extent to which statistical appropriate measures 
are used to detect effects. 
Yin (1998, 2009) mentions another type, reliability, which demonstrates that the study can 
be repeated and leads to the same results, i.e. protocols and databases for auditing should 
be used.  Although all types are essential, they have a relative importance according to the 
research questions and the research design (Bickman, Rog and Hedrick 1998). Impact stud-
ies focus more on internal and statistical validity (Ibid.), which is also true for the natural 
and engineering research perspective on the impact studies elaborated within the IWAS 
project (e.g. validating mass balance modelling results). Yin (2009) argues that internal va-
lidity is mainly important for explanatory studies and is not applicable for descriptive and 
exploratory studies. Similarly, Bickman, Rog and Hedrick (1998) mention that descriptive 
researches design would focus more on external and construct validity. Internal validity is 
related to the overall problem of making inferences and the question whether the inference 
is correct (Yin 2009; qv. case study tactics in Table 12). Generalisation of population, geog-
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raphy and time is an essential factor for external validity, i.e. that all relevant locations, time 
periods and actors have to be studied;  if not possible, sampling of a subset has to be con-
ducted from which is generalized to the complete set (Bickman, Rog and Hedrick 1998). 
Within case study research, external validity is about analytic generalisation (generalise to 
theory) and not about statistical generalisation (Yin 2009). 
Yin (1998, 2009) mentions that within case study research, the design should be tested ac-
cording to the above mentioned validity types, apart from statistical conclusion. Yin (1998, 
2009) suggests applying case study tactics that correspond to the different tests, which will 
significantly improve the quality of the case study research and will overcome the criticism 
that case study research is weak (Table 12). 
Table 12: Case study tactics for testing quality of research design 
Tests Case study tactics Phase of research in which 
tactic occurs 
Construct valid-
ity 
 Use multiple sources of evidence 
 Establish chain of evidence 
 Key informants reviewing draft case study report 
 Data collection 
 Data collection 
 Composition 
Internal validity  Do pattern matching 
 Do explanation building 
 Address rival explanations 
 Use logic models 
 Data analysis 
 Data analysis 
 Data analysis 
 Data analysis 
External validity  Use theory in single case studies 
 Use replication logic in multiple-case studies 
 Research design 
 Research design 
Reliability  Use case study protocol 
 Develop case study database 
 Data collection 
 Data collection 
Source: Yin (1998; 2009) 
For improving validity and thus credibility of the outcomes, several further validity tests are 
available that usually do not verify the conclusions but test the validity and search for po-
tential threats (Miles and Huberman 1994, Maxwell 1998): Either there is evidence that is 
contesting the research results (alternative explanations) or there is evidence that the poten-
tial threat is implausible. Within this thesis, the following tests have been applied, respec-
tively are inherent part of the developed methodology. First of all, it has to be assured that 
both, supporting and ambivalent arguments are carefully assessed; since Miles and Huber-
man (1994) explain that ambivalent evidence regularly do not have the same significance as 
supportive data. Triangulation is the most important applied test in this thesis, since no 
method is free of validity threats (Fielding and Fielding 1986 in Maxwell 1998). E.g. inter-
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views and questionnaires potentially have self report bias, i.e. that another method is 
needed that is not having the threat of self report bias45 (Maxwell 1998).  
Furthermore, feedback (within and outside of research setting) can be used to test validity 
related to problems within the developed theory, applied methods or propositions (Ibid.). 
Seeking feedback from participants of the study (member checks; Miles and Huberman 
1994; Maxwell 1998) concerning the conclusions is according to Maxwell (1998) the “single 
most important way” to expel misinterpretation of participants meaning. Above that, col-
lecting “rich data” is essential for reducing biases, e.g. detailed notes of observed events or 
verbatim transcripts of interviews (Maxwell 1998). Detailed notes of the events observed in 
the case study on the Western Bug River were collected, yet, verbatim transcripts of the 
interviews and consultations (e.g. from audio recording) were impossible due to my as-
sumption and experiences that most interviewees, at least from authorities, will be reluctant 
in telling the real truth about this critical situation and will only explain the “official” and 
legal meaning when there is a concrete evidence of what issues they raised. Respondents 
stated, some clearly and some implicit, that it is difficult for them to break cover, since the 
consequences go as far as dismissal. So, in order to generate trust with the stakeholders for 
obtaining a complete picture of the situation, and thus also getting rich data, e.g. details not 
only on the formal settings, but also on informal issues, no audio recording was done but 
protocols of the interview were elaborated right after the execution of the interviews. An-
other test is the so called quasi-statistics, i.e. deriving simple numerical results from the 
analysed data (Maxwell 1998). Qualitative studies frequently have a quantitative part, e.g. 
the assertion that something happens regularly or rarely is already a quantitative proposi-
tion (Ibid.). Comparison is according to Maxwell (1998) a further essential test, e.g. improv-
ing generalizability through multiple-cases studies (Miles and Huberman 1994; Yin 2009) or 
comparison within single case studies, which was applied in this study, e.g. through com-
paring contemporary legal Ukrainian documents with international conventions for evaluat-
ing the appropriateness of the Ukrainian documents. 
Generalization of quantitative studies is based on probability sampling of a population to 
which the results of the study can be universalized (Maxwell 1998). In contrast, generaliza-
tion of qualitative studies normally means to develop a theory that can be transferred to 
other cases (e.g. Ragin 1987 in Maxwell 1998, Yin 2009), so that Guba and Lincoln (1989 in 
Maxwell 1998) propose to use transferability instead of generalizability. This indicates also 
                                        
45 However, this method could have other specific threats, which, again, can be triangulated by additional 
methods (Maxwell 1998). 
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that extrapolating of qualitative studies is not as accurate as quantitative studies (Maxwell 
1998). 
According to Tashakkori and Teddlie (2010), the conclusions need to correspond to the 
initial research questions and they emphasize that it has to be assessed how good the dif-
ferent parts of the study have been integrated so that a more holistic and advanced under-
standing of the investigated phenomenon can evolve. 
There are several important threats to validity, inter alia researcher bias, which describes the 
distortion of results by researcher’s perspectives and applied theories (Maxwell 1998). An-
other threat is reactivity, i.e. the influence of the researcher on the research setting (Max-
well 1998).  This effect varies, however it cannot be eliminated entirely, e.g. the answers of 
an interview always depend on the questions and the interviewer itself, even if countermea-
sures like avoiding leading questions are used (Maxwell 1998). Therefore, it has to be un-
derstood how bias and reactivity affect data collection and thus the validity of the study 
results.  Last but not least, high quality research should be always attempted, i.e. to integrate 
all evidence, address all essential rival interpretations, focusing on the most significant is-
sues, and use personal expert knowledge (Yin 2009). 
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6 Case study: Western Bug River Basin, Ukraine 
6.1 Introduction to the case study region Ukraine 
Ukraine is a country in Eastern Europe with an area of 603,628 km2, and a population of 
44.5 million. The political situation is unstable since November 2013, when citizens started 
to protest against President Viktor Yanukovych’s decision to postpone the EU-Ukraine 
Association agreement. The people’s movement is called Euromaidan and violence esca-
lated mid of January 2014 culminating in riots mid of February with more than hundred 
dead persons. President Viktor Yanukovych flew out of the country and was impeached by 
the parliament. Eventually the new president Petro Poroshenko was elected in May 2014, 
and the EU-Ukraine Association Agreement was signed in June 2015. Yet, the political 
situation is still unstable due to the civil war in the Eastern part of Ukraine (Donbass re-
gion, i.e. oblast Donetsk and Luhansk) in the aftermath of Russia’s intervention to annex 
Crimea. Accordingly, Ukraine’s economy is in a recession with a GDP of 0% in 2013, so 
that the country depends at the moment on international support from IMF, World Bank, 
EU/ EBRD to stabilize the financial system. Yet, the support is also connected to policy 
reforms, especially stopping dubious governance practices, in particular the omnipresent 
corruption. 
Environmental problems and in particular water pollution are a big challenge for Ukraine, 
not only since the political crisis. According to OECD (2006), all Ukrainian river basins are 
polluted or heavily polluted. The outdated industries and infrastructure as a Soviet legacy 
contribute significantly to the pollution, as well as large amounts of chemical residues, mine 
drainage and agricultural runoff. Yet, the structural changes after the fall of the iron curtain 
led to the collapse of many industries and the agriculture production of the state-owned 
farms declined due to a severe financial crisis in the agricultural sector (FAO 2005), which 
resulted in reduced water pollution. Another legacy of the Soviet times is the wastewater 
system, which was constructed according to the state-of-the-art at that time. Since invest-
ments into operation, maintenance and modernisation were constantly insufficient, the 
infrastructure is today on the brink of collapse, in particular the WWTPs, and thus water 
quality is deteriorating. 97.2% of the cities are connected to centralized wastewater system, 
57.6% of urban settlements and 2.6% of villages. According to the association Ukro-
vodokanalecologia, the costs for wastewater disposal varies in Ukraine between 0.075 €/m³ 
and 0.48€/m³ (2013). In terms of water supply, 99.6 % of the cities, 72.2% of the urban 
settlements and 24% of the villages are connected to a centralized water supply system. 
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40.7% of the supplied water is lost due to leaks and unrecorded expenses according to Uk-
rovodokanalecologia (2013). The costs for water supply vary between 0.16 €/m³ and 0.53 
€/m³ (Ukrovodokanalecologia 2013). Next to physical deterioration of systems, the water 
sector in Ukraine is also impacted by weak public financing, (incomplete) devolution of 
responsibility to municipal level, and weak management capacity (Hall and Popov 2005). 
6.1.1 Key legislative provisions of the water sector  
The key legislative provision for water resources management is the Water Code of 
Ukraine (213/95-BP) ratified in 1995 and further specified by several by-laws. Article 13 of 
the Water Code calls for the introduction of RBM,46 yet it does not specify how implemen-
tation should be conducted. In Law No. 2998-III (2002), the State Programme for the De-
velopment of Water Management is approved emphasizing the need to establish water 
management and planning on the level of river basins and calling for the establishment of 
river basin councils (RBC) and river basin organizations/river basin administration (RBA) 
for all Ukrainian river basins. In fact, having basin management agencies (so called BUVR) 
for specific river basins was a policy already during Soviet times, but without conducting 
river basin management planning as it is perceived nowadays. 
The State Programme of 2002 is not specifying competencies and responsibilities of the 
new institutions, in particular not how to cooperate with the existing authorities, which 
were responsible for water management until then. The State Programme for the Devel-
opment of Water Management until 2020 was approved in 2009 stating that river basin 
management plans (RBMP) need to be used as an operational tool. Apart from some ele-
ments of river basin plans that have been developed within projects of technical assistance, 
no profound river basin management planning has been conducted. The Tisza river basin 
is the only Ukrainian river basin for which a complete and feasible RBMP has been devel-
oped, the so-called Integrated Tisza River Basin Management Plan with assistance of the 
other riparian states and the ICPDR in 2010. 
The Law of Ukraine “On Fundamental Principles (Strategy) of the State Environmental 
Policy of Ukraine for the Period until 2020” which entered into force in 2010 is the key 
environmental document and it underscores the importance of RBM.  
In 2008, the State Agency for Water Management has developed and approved a regulation 
(Nakaz No. 56) that provides advice on how to design RBCs and RBAs and defines the 
                                        
46 Article 13: ‘The state management of water resources use, protection, and restoration is carried out according to the river basin princi-
ple on the basis of national, international, and regional programs for water resources use, protection, and restoration.’ 
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principles and the content of RBMPs (Table 13). RBCs comprise representatives of the 
state, the local governments, water users and NGOs, and the RBAs are considered as se-
cretariat to the council (Figure 20). The objectives of the Nakaz are to improve the status 
of water resources, e.g. reduction of pollution, reduced flood risk, ecosystem protection 
and the sufficient allocation of water, yet no explicit or time-bound targets are stated. The 
functions of RBCs are also laid down in Nakaz No. 56, namely (i) to develop RBMPs and 
implement programmes of measures, (ii) making decision on water resources management, 
and (iii) conflict resolution between water users. The RBMP should be designed for 10-15 
years and need to be developed two years before the scheduled implementation start. Yet, 
the Nakaz is not describing detailed procedures about the plan preparation, approval proc-
ess, methods to be used, and the collaboration with other actors in the river basin.  
The underlying principles for the preparation of RBMPs are (I) to reflect EU principles 
(WFD) in the Ukrainian system, (ii) the financing of the plans and measures should be 
gradually diversified, i.e. state and local budgets should be substituted more and more by 
water use and pollution fees, financing of international donors and other sources, and (iii) 
coordinated and gradual implementation of RBM first within two or three river basins. 
The current degree of implementation of RBMPs varies across the Ukrainian RBs but as 
mentioned earlier, only one RB has an adequate state-of-the-art RBMP at the moment, and 
it is not clear how RBCs fulfil their tasks. Incentives for progressing are not offered, politi-
cal pressure towards implementation is not carried out and politicians or directors of au-
thorities within the RBC do not champion RBM. The ratified association agreement be-
tween EU and UA might increase incentives for strengthening RBM, since it is stated in 
chapter 6 to improve the cooperation in environmental protection and especially in Article 
363 it is mentioned that a “gradual approximation of Ukrainian legislation to EU law and 
policy on environment shall proceed...”. Annex XXX even explicitly mentions to imple-
ment main parts of the EU-WFD (2000/60/EC), e.g. to establish programmes for moni-
toring water quality within 6 years (as Art. 8 of EU-WFD), as well as the EU Floods Direc-
tive (2007/60/EC), e.g. preparation of flood hazards maps and flood risks maps within 6 
years (as Art. 6 of EU Floods Directive). However, the current political instability of 
Ukraine makes it difficult to estimate future progress related to transforming environ-
mental legislation or the adequate adaptation of EU directives. 
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Table 13: Content of river basin management plans according to Nakaz No. 56 
Analysis of river basin district 
Surface water mapping of the location & boundaries of surface water bodies 
mapping of ecoregions and types of water bodies within each river basin 
mapping of reference conditions for the water bodies defined 
Groundwater mapping of the location & boundaries of groundwater bodies 
List of different kinds of anthropogenic impact 
 
 
surface water and 
groundwater 
assessment of point-source pollution 
assessment of diffused pollution, including information on land use 
assessment of pressures on the quantitative status of water, including abstractions  
analysis of other anthropogenic impacts on water status  
Identification and mapping of protected areas 
Map of monitoring network and information on results of monitoring programme 
Surface water Ecological and chemical 
Groundwater Chemical and quantitative 
Protected areas  
List of environmental objectives for surface water, groundwater and protected areas 
Summary of feasibility analysis of water use 
Summary of programmes of measures 
- summary of the measures required to implement EU legislation on water protection  
- measures taken to apply the principle of recovery of the costs of water use 
- summary of the measures taken to protect drinking water bodies 
- summary of measures for the control of water abstraction and impoundment  
- summary of measures for the control of point-source discharges & other activities with an impact on the 
water status 
- identification of the cases where direct discharges to groundwater were authorized 
- summary of the measures taken to reduce discharge of priority substances and thereafter 
- summary of the measures taken to prevent or reduce the impact of accidental pollution  
- summary of the measures taken for water bodies which are unlikely to achieve the environmental objec-
tives  
- details of additional measures aimed at attaining the environmental objectives established 
- details of the measures taken to avoid increase in pollution of sea waters 
Register of any detailed programmes and RBMP for a river basin district dealing with particular 
sub-basins, sectors, issues or water types, including a summary of their contents 
List of competent authorities 
Contact sources and procedures for obtaining background documents, information and monitoring 
data 
Table compiled and translated by N. Zakorchevna, national IWAS coordinator and governance expert 
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6.1.2 Key institutions of the water sector in Ukraine  
An overview of the key institutions relevant for the water sector is shown in Figure 19, 
whereas it has to be mentioned that the administration in Ukraine is characterized by a 
plethora of committees/ agencies, coordination bodies, and ministerial departments, where 
tasks and responsibilities, e.g. on surface water monitoring, are not always clearly deline-
ated. 
The main player for water resources and river basin management are the Ministry of Envi-
ronmental Protection (MOE47) and the State Agency for Water Management, which is co-
ordinated by MOE, and their local bodies. MOE is mainly responsible for water protec-
tion, development and enforcement of environmental legislation, e.g. Water Code, ecologi-
cal inspection/ monitoring and permitting water uses. The regional environmental admini-
stration and ecological inspectorates are responsible for local water abstraction, emissions 
permits, control and enforcement of environmental legislation, control of industry, moni-
toring of surface waters (chemical parameters) including laboratory for chemical analysis.  
Figure 19: Institutions in the Ukrainian water sector 
 
Source: Dombrowsky et al. 2014 
                                        
47 Names of Minsitries change frequently in Ukraine and the MOE is called now Ministry of Ecology and 
Natural Resources of Ukraine. 
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The State Agency for Water Management is responsible for the river basin management, 
execution of water management including water allocation and abstraction, the water use 
cadastre, the supervision and operation of reservoirs and water supply systems, collecting 
data on capacities of WWTPs and partly for the chemical surface water monitoring. The 
RBAs as well as the local water resources administration are subordinated to the State 
Agency for Water Management.  
Another important institution is the Hydro-meteorological Service which was subordinated 
to the MOE, but since 2005 is subordinated to the Ministry of Emergency Situations. Their 
responsibility comprises the hydrological and meteorological monitoring, as well as chemi-
cal and biological monitoring of surface waters. The San-epidemiological inspection is sub-
ordinated to the Ministry of Health and is inter alia controlling hygienic quality of drinking 
and bathing water and water discharged into natural water bodies. 
Civil society actors like NGOs are part of the RBCs, yet their political clout is low. In terms 
of public participation and involvement of stakeholders, Sigel et al. (2014) mention that 
post-socialist transition countries still struggle with it, even if e.g. the Law of Ukraine on 
Local Self-Government (1997) explicitly refers to the right of citizens’ participation. More 
details on the governance system and especially on the institutional design of the water 
sector with an emphasis on RBCs and RBAs can be found in Hagemann and Leidel (2014). 
Figure 20: Organization of river basin management in Ukraine 
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Source: Hagemann and Leidel (2014) 
6.1.3 Western Bug River Basin 
The Western Bug originates east of the city of Lviv (Western Ukraine) and flows from 
oblast Lviv northwards to oblast Volyn where it becomes a border river with Poland and 
later with Belarus. It is a tributary of the river Narew, which drains into the river Vistula 
and finally into the Baltic Sea, thus it is a transboundary river. The total basin area is 39,420 
km², with 27.4% belonging to Ukraine. Approximately 2 million people live in the Ukrain-
ian part of the basin (>50% of the total population of the basin), and circa 1 million in the 
agglomeration of Lviv. Investigations within the IWAS project concentrate on the catch-
ment upstream of the reservoir Dobrotvir which covers an area of 2,616 km². 
The Western Bug is a lowland river which is meandering from the highlands through flood 
plains and swamps, with only marginal amelioration in the Northern part of the catchment. 
A quaternary aquifer underlying the catchment is intensively used for public water supply. 
The region is characterized by a temperate climate. Yet, it is climatologically in a transition 
zone between cold continental climate and western maritime climate. Annual precipitation 
is circa 650-700 mm and the annual mean temperature is around 7.0-7.6°C (Lipinskyy et al. 
2003). 
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Hydrological pressures within the Western Bug arise from discharge variations and ex-
tremes (floods and low flow). Floods during spring and early summer and low water levels 
in summer are typical characteristics of the river.  Mean low, mean and mean flood dis-
charge at the gauge Kamianka-Buzka are 7.6, 17.4 and 73.6 m³/s, respectively (period 1980-
2008; qv. Pluntke et al. 2014).  
Water abstraction and flow regulation have minor roles, apart from one barrage (Reservoir 
Dobrotvir). Nutrients, organic compounds, and heavy metals are the main pollutants 
within the river system. These compounds are emitted into the river by diffuse sources (e.g. 
erosion from agriculture, leading to sediment and N, P emissions), and point sources 
(mainly WWTPs, industrial dischargers, landfill sites and mining) leading to N, P organic 
compounds and heavy metals (qv. Helm et al. 2012, Ertel et al. 2012, and chapter 8.5.2). As 
a result of anthropogenic activity, antibiotic resistance in aquatic bacteria is manifested 
(Ertel et al. 2012, Lupo, Coyne and Berendonk 2012). The major point source is the 
WWTP of the city of Lviv (~715000 inhabitants). In fact, the river Poltva, a tributary to the 
Western Bug, originates in the WWTP of Lviv and according to TACIS (2001), two thirds 
of the Poltva inflow consists of (treated) sewage. The wastewater of the city of Lviv is the 
major source of pollution of the Western Bug. In summary, the Western Bug and its tribu-
taries are heavily affected by anthropogenic interventions affecting physical, chemical, bio-
logical and morphological characteristics. 
The institutional set up of the water sector in the Oblast Lviv and Volyn, respectively in the 
Western Bug River Basin follows the above mentioned organization with their local bodies 
and the Western Bug Basin Department of Water Resources as RBA, which was estab-
lished in 2005; details are explained in the upcoming chapters. 
6.1.4 Modelling approach within IWAS 
Many approaches to systems analysis and modeling within water resources management 
exist, yet model coupling is still cutting edge research (chapter 3.1.6). The IWAS project 
attempted to apply a coupled modeling approach focusing on climate modeling aspects, 
land use modelling and its interaction with water quality and water quantity modeling. An 
integrated analysis of the catchment (with natural and anthropogenic items) and the river 
system is conducted. That means emissions from the catchment (pressures) are analyzed 
and set in relation with an analysis of the water quality (state) of the river system for explor-
ing system deficiencies. The applied methods were (i) analysis of existing data (e.g. hydro-
logical, meteorological, water quality parameters, soil, land use), (ii) measuring campaigns 
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for gathering data, (iii) material flow analyses, (iv) conceptual modeling, as well as (v) nu-
merical modeling.  In particular, water and mass balance models were applied (SWAT48; 
MONERIS, Behrendt et al. 2000) and the urban sewage model SWMM (Storm Water 
Management Model; developed by the U.S. Environmental Protection Agency) and 
RWQM1 (Shanahan et al. 200149), which is compatible with the ASM (Activated sludge 
model; first version developed by Henze et al. 1987). For the land use, the model PWF-LU 
was used. The future projections of the regional climate were modeled by dynamic down-
scaling of global projections with the regional climate model COSMO-CLM (CCLM; 
Rockel et al. 2008; Pavlik et al. 2012). For details on the model approach and caveats to 
coupling,  it is referred to the publications of the IWAS consortium, e.g.: Blumensaat et al. 
2012; Blumensaat et al. 2013, Ertel et al. 2012, Helm et al. 2012; Schanze et al. 2012; 
Scheifhacken et al. 2012, Pavlik et al. 2012; Pavlik et al. 2014;).  
Next to the integration of different compartments, the objective was to elaborate a con-
joint systems and capacity analysis, so that an integrated analysis of the integrated water 
system can be realized. The following chapter describes the conducted capacity assessment 
as part of the integrated analysis. The framework for the integrated analysis with the model-
based and capacity-based systems analysis and its description is elaborated in chapter 8 and 
in Leidel et al. (2014).  
6.2 Capacity assessment 
Based on literature review for capacity development, IWRM in general, as well as existing 
knowledge on the situation of the water resources management in Ukraine, we decided that 
we need an approach that (i) is capable of assessing and eventually developing the capaci-
ties of all capacity levels, (ii) can be operationalised and implemented within the complex 
political situation of Ukraine, (iii) allows for adaptation, i.e. to change the focus level of CD 
during the implementation, and (iv) is suitable for overview as well as in-depth assessments. 
Therefore, we developed a capacity assessment approach which is based mainly on the 
multi-level approach and the KCD model (Alaerts 2009, Alaerts and Kaspersma 2009) and 
the UNDP approach to CD (2008; 2009). The detailed capacity assessment approach is 
delineated in chapter 5.8 and 7.4. 
                                        
48 The Soil and Water Assessment Tool (Arnold et al. 1998) is mainly applied within meso-scale catchments, 
and it is a semi-distributed, process-oriented model for simulating the transport of water, nutrients, sediments 
and pesticides. 
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Our main assessment objective at the beginning of the project was to get an overview of 
the whole water resources sector on the national level, and how it is interrelated with the 
regional level. The first analyses thus described the institutions and organizations of the 
sector on the national, as well as on the regional level. Hence, our assessment of each single 
organisation was not a comprehensive organisational assessment as described by Lusthaus 
et al. (2002). The focus at this early stage was more on the interdependencies between the 
organisations, and on the main organisational issues that influence the performance of wa-
ter resources management in the Western Bug River Basin as well as the organisational 
output (e.g. monitoring results), thus we were extracting appropriate items from the 
framework of Lusthaus et al. (2002). This is also in accordance with the European Com-
mission (2007) recommending that the organisation should be considered at the beginning as 
a “black box”, i.e. focusing on inputs (e.g. finances) and outputs (e.g. services) of organisa-
tions and the context in which it works. They further argue that it is reasonable to assess 
the quality and quantity of the existing outputs of the relevant organisations, since outputs 
are good proxies for capacity (Ibid.). But it has to be underscored that a full-fledged water 
sector reform is a highly complex task ranging from political to organisational and technical 
issues that need complete in-depth assessments as e.g. described by Lusthaus et al. (2002). 
Capacity assessments are sensitive issues, so that their implementation should be done cau-
tiously, especially if it is conducted by external persons. Within the Ukrainian case study, 
the capacity assessment was conducted by the German IWAS team with support from 
Ukrainian collaborators and in consultation with actors form authorities for trust genera-
tion. It can be reasoned that this strategy, together with focusing more on a broader under-
standing and not explicitly on internal affairs of a specific organisation, is a viable and non-
encroaching approach for starting a CD process.  
We utilized the CD approach from UNDP (2008; 2009: Figure 13; chapter 3.2.4.3) and 
adapted it to our needs (Figure 21). Within the capacity assessment, difficulties as well as 
existing and missing competencies and knowledge can be identified. Such capacity assess-
ment exercises have to be elaborated together with the relevant stakeholders to get more 
in-depth information about processes from the stakeholders themselves as well as to get to 
know the needs of the actors e.g. towards monitoring procedures. We analysed, which 
competencies in the field of river basin management (RBM) exist, which additional ones 
are needed for improving current water management, and which challenges towards RBM 
lie within the identified target groups. Eventually CD strategies that are tailored to the re-
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quirements of the stakeholders were developed and discussed. Capacity assessments have 
been done for: 
 public authorities (Environmental administration and water authorities of the 
oblasts L’viv and Volyn, Western Bug Basin Department of Water Resources) 
 science community (on national and catchment level) 
 economic sector (municipal water and wastewater companies) 
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Figure 21: Capacity Development process within IWAS Ukraine 
 
6.2.1 Capacity assessment for public authorities 
For the public authorities a profound capacity assessment was carried out (Figure 22).  The 
participants were selected based on observations, document review and purposive sampling 
techniques, especially expert 
sampling and snowball sampling 
(e.g. Henry 1998; chapter 5.8.1). 
We identified regional and na-
tional experts, as well as the ma-
jor stakeholders that are relevant 
and that potentially have differ-
ent perceptions (authorities, 
NGOs, water service provider, 
universities). Based on that the 
major target groups for our study 
were selected, representing the 
relevant actors for the mentioned 
water quality issues in the Western Bug River Basin. 
 
Figure 22: Capacity assessment workshop  
(Kiev 2009) 
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6.2.1.1 Survey 
In a first step, questionnaires were sent to relevant stakeholders within the Western Bug 
River Basin. The questions and the structure of the survey were developed and iterated 
together with Ukrainian actors. Eventually, the 82 questions were structured into the fol-
lowing chapters reflecting the applied multi-level approach:  
 institutional and financial aspects (Інституційна сфера, qv. Figure 23) 
 technical and organisational aspects (data and information management, planning, 
monitoring; Технічні питання) 
 human resources development (Розвиток персоналу). 
Figure 23: Extract from capacity assessment questionnaire 
 
From 12 forwarded questionnaires, 6 were sent back. An extract of the Ukrainian version 
of the questionnaire can be seen in Figure 23.  The complete questionnaire as well as the 
answers of the participants and a summary of the answers can be found in anonymized 
form in the Doctoral Thesis Database in German and Ukrainian language. 
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6.2.1.2 Capacity Assessment Workshop 
The results of the survey were integrated into the discussions at the capacity assessment 
workshop and they constituted the framework for the workshop. As mentioned above, 
IWRM processes and CD processes have to be aligned; therefore we were using the (pre-
liminary) findings from the situation and system analysis (Assessment of natural and tech-
nical processes, stakeholder and institutional analysis) for the capacity development proc-
ess. To account for the holistic IWRM approach, participants of that workshop were from 
all relevant authorities, national and international scientists and experts and from NGOs. 
22 Ukrainian actors were invited, from which 12 confirmed their coming and participated 
in the workshop (Table 14). Yet, the directors of the authorities neither confirmed nor can-
celled the invitation at the beginning, but promised to try to come and they agreed that the 
invited department heads are allowed to come. Just shortly before the workshop, all direc-
tors cancelled their participation. We assume that this was due to the list of confirmed par-
ticipants, i.e. that maybe not enough high officials from the national level were invited, 
respectively not enough professors from our side (only one professor confirmed the par-
ticipation, next to one PhD). However, looking retrospectively at the workshop, we con-
cluded that the open discussions with the profound ideas and results were only possible 
because they directors were not present.  From the IWAS team, six persons participated, 
with one Ukrainian scientist who is bilingual (German Ukrainian). 
Table 14: List of invited and participating stakeholders for the capacity assessment 
Stakeholder Organization Invitation Participation 
Dr. Kovalchuk Oksana  
State administration of  
environmental protection, L’viv 
Yes Yes 
Matolych Bogdan 
(Director) 
State administration of  
environmental protection, L’viv 
Yes No 
Bodnarchuk Tetyana  
State Inspectorate of  
environmental protection, L’viv 
Yes Yes 
Jahotskyy Oleh 
(Director) 
State Inspectorate of  
environmental protection, L’viv 
Yes No 
Kinder Oleg  
State administration of  
environmental protection, Wolyn 
Yes No 
Myrka Wolodymyr  
State administration of  
environmental protection, Wolyn 
Yes No 
Bondaruk Viktor 
(Director) Western Bug Basin Department 
Yes No 
 Serhushko Oleksandr 
Hryhorovych Western Bug Basin Department 
Yes Yes 
Babych Mykola State Water Resources Agency of Ukraine, Yes No 
Chayka Maryna 
State Water Resources Agency of Ukraine, L’viv 
regional management of water resources 
Yes Yes 
Mr. Kosak 
(Director) 
State Water Resources Agency of Ukraine, L’viv 
regional management of water resources 
Yes No 
Case study: Western Bug River Basin, Ukraine 184 
 
 
 
Roman Pavliv San-Epedem. Service Yes No 
Buzhak Ihor Vasyly-
ovych 
Ministry of Environmental Protection of 
Ukraine 
Yes Yes 
Dymitro Rushak 
UNDP-GEF Dnipro River Ecological Program; 
UNOPS 
Yes Yes 
Anna Tsvetkova MAMA-86 (NGO) Yes Yes 
Myroslav Saplatyn-
skyj  
(Director) Vodakanal L’viv (Water service provider) 
Yes No 
Dr. Demydenko An-
driy  
Global Water Partnership Ukraine, IWRM-
expert 
Yes Yes 
Prof. Kovalchuk Ivan 
Platonovych 
National University of Life and Environmental 
Sciences of Ukraine, Kiev 
Yes Yes 
Melen Olha Mary-
anivna NGO "Environment-People-Law" 
Yes Yes 
Cholovska Nataliya 
Valeriyivna  LMHO "Ekoterra" 
Yes Yes 
Dr. Nataliia Zakor-
chevna  
Mott MacDonald 
water resources  expert 
Yes No 
Zakorko Olena Pav-
livna  
State Institute for Administration and Man-
agement of water resources (Further education 
institute) 
Yes Yes 
Prof. Peter Krebs Technische Universität Dresden Yes Yes 
M.Sc. MarcoLeidel Technische Universität Dresden Yes Yes 
Dipl. Hydrol. Jörg 
Seegert Technische Universität Dresden 
Yes Yes 
Dr. Herwig Unnerstall Helmholtz Centre for Environmental Research  Yes Yes 
Mag. Lesya Gram-
Radu Helmholtz Centre for Environmental Research  
Yes Yes 
Mag. Nina Hagemann Helmholtz Centre for Environmental Research Yes Yes 
Participating stakeholders are written in green. 
At the beginning of the workshop, it was defined what capacity and capacity development 
is (Figure 24). From that assessment, possible solutions were identified, i.e. different op-
tions were analysed according to their financial, environmental and political feasibility. Fi-
nally, the project identified and proposed both prioritized CD measures, responsibilities 
and a schedule was adopted. 
In detail, the capacity assessment workshop was executed in the following way: 
 Identify future desired status of the water resources management 
 Desired capacities in the institutional domain 
 Desired capacities in the technical domain 
 Desired capacities in the human resources development 
 Analysis of available capacities of the water resources management 
 Available capacities in the institutional domain 
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 Available capacities in the technical domain 
 Available capacities in the human resources development 
 Development of CD strategy, identification of possible solutions including the 
analysis of their feasibility (political, financial, environmental) 
 Develop and prioritize CD-Measures (legal, institutional, technical, management) 
 Drafting of a work plan including schedule, commitment of stakeholders 
The capacity assessment showed the importance of the challenges within the institutional 
framework and political process of river basin management in Ukraine. The workshop con-
tributed well to the understanding of the governance system of Ukraine in respect to water 
resources management. Apart from that, it evolved that the authorities consider the areas 
of data management/ collaboration, water monitoring, water modelling and human re-
sources development as highly important (Leidel et al. 2012). The programme of the work-
shop, an introduction to the workshop, a summary of the results as well as the Capacity 
Development schedule can be found in the Doctoral Thesis Database in German and 
Ukrainian language. The results are further described in depth in chapter 7.4.2.2.  
Figure 24: Capacity definition for the capacity assessment 
 
  
Case study: Western Bug River Basin, Ukraine 186 
 
 
 
6.2.1.3 Political process for knowledge exchange and CD 
The process of knowledge exchange and capacity development with the public authorities 
on regional and national level started at the very beginning of the IWAS project. The major 
activities and milestones of this political process within IWAS Ukraine are listed in Table 
15. In March 2009, several Ukrainian stakeholders from universities as well as from the 
administration came to Dresden for starting the information exchange and starting the 
collaboration. Most important first step was the field trip to the model region from 19/04-
24/04/2009, where interviews and discussions with the stakeholders were conducted. 
From the interviews and discussions it can be summarized that the quality of the available 
data is problematic, especially the data of the river water quality, because four different 
organizations are conducting water monitoring: State Inspectorate of Environmental Pro-
tection, State Water Resources Agency of Ukraine, Lviv regional management of water 
resources, San-epidemiological service, and Hydro-meteorological service. The analyzed 
parameters, the measuring points and the measurement points in time vary between the 
four organizations. The measurement interval is still unclear, quarterly or monthly. The 
hydro-meteorological service conducts 13 measurements per year. The measured values are 
forwarded to the monitoring department of the state administration of environmental pro-
tection, Lviv, and to the Western Bug River Basin department (WBRBD), whereby it is 
unclear, whether the mean values or the raw data are forwarded. The interview with Mr. 
Bondaruk (director of the WBRBD) conducted by some IWAS scientists, led to the im-
pression that only data from oblast Volyn are further processed.  
Accordingly, the major problem within water monitoring is an institutional one. Verifying 
the consistency of the monitoring data and recommendations for an improved monitoring 
system seem to be necessary. Concrete measures could be to enhance the collaboration and 
the data management among data collecting authorities and between them and data proc-
essing authorities by CD measures. Due to the significant differences in the measured pa-
rameters, a quality assessment within the frame of an intercalibration could be worthwhile. 
Furthermore, interviews on different occasions with Ms. Kovalchuk from Lviv, and Ms. 
Maturova (National Academy of Sciences of Ukraine, Institute of Hydrobiology) that the 
enforcement of the planned policies and measures is necessary, but hardly done, especially 
because fines are not available, too low or not enforced at all. 
In addition, the available river water data are not sufficient for realistic and reasonable 
modeling. The data on the wastewater discharge from 2003 to 2009 in the oblast Lviv 
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could be obtained from Ms. Bodnarchuk. Data on the wastewater quantity can be obtained 
from Ms. Chayka. Meteorological data are available, but only in analogue form. A soil map 
of the catchment in the scale 1:10.000 is digitally available. Due to the sparse data availabil-
ity, it was proposed to conduct an intensive and profound measuring campaign with 
Ukrainian and German scientists and students.  
It was also frequently mentioned that there is only a lack of funding, which constrains wa-
ter monitoring. For instance Mr. Myrka Wolodymyr  from the state administration of envi-
ronmental protection, Wolyn, mentioned in the interview that we (IWAS) should provide 
financial resources, and then the administration is capable of fulfilling all monitoring needs. 
I encountered that there are potentially also other issues that are not directly related to a 
lack of funding (e.g. intransparent organizational procedures), respectively that it may be 
useful to analyze whether the available financial resources are used in an efficient way. 
Since more financial resources are not per se improving the efficient use of the funds.    
The capacity assessment was an essential milestone, where important knowledge about the 
Ukrainian system in respect to water management and to the peculiarities of the Western 
Bug River Basin could be developed. The follow up on the results of the workshop started 
immediately afterwards. However, the Ukrainian presidential election in 2010 brought a 
political change with an exchange of most key actors on all national administrative levels, 
so that it was necessary to modify the capacity development schedule. This influenced also 
our regional activities, even if only minor changes occurred on the regional level. In spite of 
that, we proceeded with strengthening RBM in the Western Bug River Basin and, as agreed 
within the capacity assessment, started with planning of the meeting of the WBRB Council. 
Although all preparations were done jointly together with the WBRBD, the council meet-
ing and the workshop were cancelled only one week before the scheduled date by the direc-
tor of the WBRBD with no plausible reasons. The major lessons from this setback were 
that (I) a stronger involvement of the national level is needed, even if regional authorities 
claim to have full authority on the RBM process, and (ii) more coordination is needed on 
the regional and national level. In the second phase of IWAS, the working group on capac-
ity development focused on a dialogue with the key national actors, and we established one 
coordinator on national level and one on regional level. The strategy was to discuss RBM 
with the national level, and only after getting the commitment of the major national actors 
to collaborate, we proceeded with the process in the WBRB. Accordingly, an inter-
ministerial workshop for river basin management was held in February 2012 with 36 par-
ticipants from various ministries and civil society actors (Table 15). All participants under-
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lined the importance of RBM for Ukraine and decided to establish a working group on 
integrated water resources management that should develop a strategy for introducing RBM in 
Ukraine and to have the WBRB as a pilot basin for integrated RBM. The working group’s 
major achievements were (I) realizing the meeting of the WBRB council, which adopted 
also a work plan for 2012-2103, (ii) an accompanying workshop on river basin management 
for the regional actors in the WBRB, (iii) a policy paper on Strengthening Implementation of 
Integrated Water Resources Management (IWRM) in Ukraine, and (iv) initiating a follow up on 
the IWAS activities, with an emphasis on twinning activities. Therefore, additional funding 
was secured (National Dialogue for grouping capacities-Integrated river basin management in Ukraine), 
that facilitated the discussion between German/ EU representatives and the Ministry of 
Ecology and Natural Resources of Ukraine on possibilities of cooperation. The potential 
topics for a twinning arrangement were discussed as well as the procedure to apply for a 
twinning project with the EU. A project proposal was developed named Capacity Develop-
ment for strengthening water monitoring as a contribution to river basin management. The project pur-
pose is to contribute to the improvement of the water administration in Ukraine by ad-
vancement and harmonization of water monitoring according to EU water related aquis 
communautaire. Another focus, next to the strengthening of water monitoring system, 
should be on the development of human and institutional capacities. Due to the escalating 
violence of the Euromaidan movement in February 2014, however, no responsible person 
within the Ministry of Ecology and Natural Resources of Ukraine was able to hand in the 
finalized proposal before the deadline of the EU. Several other options for financing an 
EU-UA partnership in the water sector were investigated; especially arguing on a window of 
opportunity for collaboration after the new Ukrainian government was established. Yet, the 
situation until mid of 2014 was that German/ European decision makers opted for not 
financing any major activities due to the instable and unpredictable political situation. 
 .
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Table 15: Timeline of political process within IWAS Ukraine 
Date Place Main topics Participants 
30/03/2009-
02/04/2009 
Dresden  Meeting with Ukrainian actors; information exchange 
- Dr. Kovalchuk provides us overview of measured parameters (river water quality), 
measuring points, metadata, concrete data from emitter 
- GIS based on mapinfo 
- Interested in cooperation 
- No financial allowances mentioned 
 
- Ms. Chayka manages data from wastewater discharger 
- Mainly  voluntary responses/disclosure from discharger 
- Database, but not available for IWAS; database queries possible 
- Will send us offer for sub-catchments as well as a sample (discharges into Poltva, West-
ern Bug until Dobritvir as well as until Sokal for 3 respectively 10 yrs.) 
- Dr. Oksana Kovalchuk, head of monitoring 
department; State administration of environ-
mental protection) 
- Ms. Marina Chayka ( State Water Resources 
Agency of Ukraine, Lviv regional manage-
ment of water resources) 
- Mr. Bondaruk (Director Western Bug River 
Basin Department) 
- Prof. Hirol ( NUWMNRU in Rivne) 
21/04/2009 Lviv  Meeting and interviews with members of Ivan Franko National University Lviv (IFNU 
Lviv) 
- Discussion about scientific collaboration (e.g. integrated soil management; climate 
change) 
- Availability of meteorological data of the Western Bug River Basin 
- Discussing about study programmes at  IFNU Lviv and TUD  
- Student exchange and advertising TUD’s Hydro Science and Engineering study pro-
gramme  
- Collecting funding possibilities for UA students 
- Joint development of lectures 
- Discussion on measuring campaign; definition of parameter that should be assessed 
- Signing of letter of Intent with Vice rector for international relations Prof. Volodymyr 
Kyrylych 
- Prof. Kovalchuk ( National University of Life 
and Environmental Sciences of Ukraine, for-
merly IFNU Lviv) 
- Prof. Kit  (IFNU Lviv) 
- Ms. Olga Pylypovych (IFNU Lviv) 
- Ms. Kuvcanevic (IFNU Lviv) 
- Mr. Leidel (TUD) 
- Mr. Pluntke (TUD) 
- Ms. Tavares (TUD) 
- Ms. Lobandska (IFNU Lviv; doctoral candi-
date) 
- Wolodya Motyl (DREBERIS) 
21/04/2009 Lviv  Meeting and interviews with members of Lviv Polytechnic National University (PNU 
Lviv) 
- Discussion about potential scientific collaboration; Dr. Oksana Kovalchuk is scientist at 
Prof. Malyovanyy’s department (and head of monitoring within regional environmental 
administration) 
- Discussing about study programmes at  PNU Lviv 
- Student exchange is possible 
- Prof. Yuriy Rashkevych, Vice-Rector of In-
ternational Relations of PNU Lviv 
- Prof. Malyovanyy, Director, Department of 
Ecology and Sustainable Nature Management, 
PNU Lviv 
- Prof. Zhuk, Head of Department of Hydrau-
lics and Sanitary Engineering, PNU Lviv; now  
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deputy head 
- Mr. Leidel (TUD) 
- Ms. Weigelt (DREBERIS) 
23/04/2009 Lviv  Making contact with Bohdan Matolych Head of State administration of environmental 
protection 
- Mr. Bohdan Matolych 
- Ms. Oksana Kovalchuk 
- Mr. Marco Leidel 
- Ms. Leysa Gram-Radu 
23/04/2009 Lviv  Interview and discussion with Dr. Oksana Kovlachuk, head of monitoring department; 
State administration of environmental protection 
- Cooperation agreement with state administration of environmental protection in Lviv 
oblast is important basis for collaboration in the Western Bug River Basin 
- TACIS I: Set up of monitoring  
- TACIS II: Western Bug River Basin Council, river basin management and monitoring 
established (since 2006)  15 Persons that are trained in monitoring activities 
- Oblast Lviv only region with monitoring activities 
- TACIS: training seminars up to 1 month, e.g. EU-WFD has been explained to 50 per-
sons  
 But: not relevant for employees, because WFD is no legal requirement in UA 
 But directors and decision makers have no idea about WFD 
 two problems/ tasks in Ukraine: 1. directors and decision makers need to know 
about the importance of the WFD; 2. middle management need tools for data 
management 
- Many different data are measured, but no management 
- Hierarchy within administration important in Ukraine; we have to consider the different 
levels (Head and upper management, middle management [Ms. Chayka, Ms. Kovalchuk, 
Ms. Bodnarchuk], working level) 
- Head and upper management only interested in CD measures if instructions are received 
from higher levels, if they cannot hide (e.g. send them to Dresden), or if you pay them. 
-  Middle management should educate working level, but also German experts; training of 
trainers 
- Ms. Kovalchuk will provide list of most important contacts  
- Cooperation agreements should explicitly mention that all levels of administrations have 
to take part in further education  
- Dr. Oksana Kovalchuk 
- Mr. Marco Leidel (TUD) 
- Ms. Leysa Gram-Radu (UFZ) 
- Ms. Anna-Maria Ertel (TUD, Institute for 
Hydrobiology) 
- Dr. Susanne Rollinski (TUD, Institute for 
Hydrobiology) 
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- Advantages of vocational training has to be made clear 
- Results from laboratory are going directly to water resources department, with which she 
has no contact 
- Proposal to have basic introduction to IWRM/ EU-WFD for all actors, followed by 
specific topics like data base management, methods different courses for different ex-
perts; joint development with Ukrainian stakeholders 
- integrated monitoring stations necessary , i.e. that not four administrations measure 
parameters, but only one. 
 Cannot be done by IWAS; but IWAS can support it; target can be to improve 
communication between data collecting and data processing administrations;  
 Ultimate goal: information system 
 Implementation has to be done by UA 
- CD-concept for Ukraine needed: Harmonization of data, data management, and com-
munication between authorities 
- Intercalibration of monitoring sites within measuring campaigns (Ms. Kovalchuk can 
advise the four authorities to measure) 
24/04/2009   Interview and discussion with Environment People Law (EPL) 
- Making contact 
- Working in CD (workshops etc.) 
- legal expertise (environmental law)  
- project on pesticides; principal is State Environmental Inspectorate, financed by EU 
- EPL has filed several lawsuits against State Environmental Inspectorate 
- 1/3 of their work are lawsuits 
-  He does not know the Western Bug River Basin Council 
- Access to environmental information is regulated by law  
 normally, the state has to provide the information; only if information is a state se-
cret, then it is allowed to refuse the delivery 
 in oblast Lviv almost all data considered as top secret 
 reformed law not implemented yet 
- Preparing legislation: NGOs are heard but do not play a role in weighing of interest 
- Role of NGOs in UA undervalued 
- It has to be clarified, whether they can be experts for CD measures 
- Mr. Lohzan (EPL) 
- Mr. Marco Leidel (TUD) 
- Ms. Leysa Gram-Radu (UFZ) 
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31/08-
07/09/2009 
Lviv, 
Lutsk 
 Preparation of capacity assessment; interviews with key stakeholders 
 Preparation of measuring campaign 
- Mr. Viktor Bondaruk 
- Dr. Oksana Kovalchuk 
- Mr. Marco Leidel 
07/09/-
20/09/2009 
Western 
Bug 
River 
Basin 
 Measuring campaign 
- 4 working groups: Urban Water Management, Hydrology and Meteorology, Hydrobiol-
ogy, Site Ecology  
- Tasks (Selection):  longitudinal section measuring with sensors, chemical analysis, sedi-
ment, phytoplankton, macrophytes, urban discharge balance, measuring of quality pa-
rameters in a longitudinal section of the Poltva for the identification of dischargers, in-
stallation of rain gauges, measuring flow rate, land use mapping, etc.  
- In average 25 German scientist, 4 Ukrainian scientists (including one from National 
Academy of Sciences of Ukraine), 2 employees from Western Bug River Basin Depart-
ment, 20 German students, 8 Ukrainian students 
-  
03/10-
09/10/2009 
Kiev, 
Lviv 
 Preparation of capacity assessment; interviews with key stakeholders from national level. 
- Discussion and interview with Dr. Demydenko, water expert, on the issue of thresholds: 
unrealistically low in UA, exact knowhow on limits still missing, shift from controlling to 
managing; BUT: State Environmental Inspectorate benefits from low limits. 
- NGO Mama-86 on the main challenges of Ukrainian water management 
- UNDP Ukraine 
 Preparation of capacity assessment; interview with regional stakeholder 
- Dr. Andriy Demydenko 
- Ms. Ana Tsvetkova (NGO Mama-86) 
- Dr. Oksana Kovalchuk 
- Mr. Marco Leidel 
14/12-
16/12/2009 
Kiev  Capacity Assessment Workshop 
 See chapter 6.2.1 and 7.4.2 
- see Table 14 
01/2010-
12/2010 
Lviv, 
Lutsk, 
Dresden 
 Regular meetings and telephone conferences for implementing results of Capacity As-
sessment Workshop, especially on the agreed reactivation of the river basin council 
meetings as a start for improving RBM: 
- Strengthening RBM in the Western Bug River Basin, e.g. working on reinstalling the 
meetings of the Western Bug River Basin Council. Discussions on regional level with 
Mr. Bondaruk and Ms. Kovalchuk;  
- Our partners in authorities (especially Ms. Kovalchuk) demanded for the planning of 
workshops on integrated river basin management for directors, upper and middle man-
agement. Including participants from German authorities and analyzing possibilities for 
twinning. 
- Major distortions due to Ukrainian presidential election (17 January and 7 February 
2010) with a political change from “orange revolution” to Viktor Yanukovych; many 
- various 
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partners in Ministries were exchanged, so that the capacity development schedule was 
modified 
- Planning of training measures (e.g. modeling, statistics) 
- Strategic discussions on how to proceed (stronger integration of stakeholders, etc.) 
- Preparing application for second phase of IWAS 
06/2010-
08/2010 
  Planning of programme and logistics for meeting of the Western Bug River Basin Coun-
cil and the workshop on integrated RBM 
- Discussion on strength of council and the members, funds 
- Discussion on the still not finished management plan 
- Clarification who has power to convoke the meeting=> Director Western Bug Basin 
Department 
- strategy for the meeting, translation during meeting 
- which content 
- who must/should speak, 
- how to integrate IWAS in the official meeting; Project leader Prof. Krebs as scientist on 
water modeling as tool for strategic river development 
- scheduled for 8/11-9/11/2010, then rescheduled in mid of August due to the request of 
Mr. Bondaruk to 02/12-03/12/2010 
- invitations for meeting done by basin department 
 Agreement that the council meeting and the workshop on integrated RBM will be done 
jointly by the Western Bug Basin Department and IWAS 
- Mr. Viktor Bondaruk 
- Mr. Marco Leidel 
02/12-
03/12/2010 
  Planned meeting of the Western Bug River Basin Council and the workshop on inte-
grated RBM 
- The meeting and workshop was agreed upon with the Ukrainian authorities, especially 
with the Director of the Western Bug Basin Department 
- High-ranking German representatives from the environmental administration accepted 
the invitation 
- Because of the new political situation and the decreasing support from the Western Bug 
Basin Department, the council meeting and the workshop were cancelled only one 
week before. 
-  
16/12.-
17/12/2010 
Dresden - Final IWAS-I Ukraine Workshop -  
01/2011  The second phase of the IWAS project starts (01/2011-07/2014) -  
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04/2011-
12/2011 
  Establishment of one coordinator on national level (Ukraine) and one on regional level 
(Western Bug River Basin), restarting discussions on how to improve river basin man-
agement 
-  
06/02/2012 Kiev  Inter-ministerial workshop for river basin management 
 Results: Setting up an inter-ministerial working group that develops a strategy for intro-
ducing RBM, first in the Western Bug River Basin and potentially also in other RBs of 
Ukraine: 
- The WBRB as pilot river basin for RBM in UA; authorities should use IWAS data/ 
recommendations; monitoring as basis for decisions  
- Developing a management plan/ measures for the WBRB 
- Reestablishing  river basin council meetings in the WBRB;  
- Strengthening of monitoring and collaboration within the WBRB 
- Strengthening of (tertiary) water education 
- 36 participants from various ministries (Envi-
ronment, Economy, Education, Agriculture, 
Civil protection) and agencies (water re-
sources, environmental inspection, geology, 
forestry, land use), Council for National Secu-
rity, IWAS, GIZ, NGOs (list of participants 
can be found in database of the doctoral the-
sis). 
18/04/2012 Ger-
many, 
Ukraine 
 Discussion paper for the setting up inter-ministerial working group to strengthen river 
basin management in Ukraine 
- Strategy to strengthen RBM in Ukraine 
- Preparation of  river basin council meeting 
- Content-related milestones for RBM to be developed by working group 
- Draft by M. Leidel (can be found in the data-
base of the doctoral thesis) 
23/04/2012 Kiev  1st meeting of the Inter-ministerial working group “Integrated water resources manage-
ment” 
- Discussion on the contents and program for river basin council meeting and accompany-
ing workshop for capacity development 
- List of participants can be found in the min-
utes in the database of the doctoral thesis 
19/06/2012   Meeting of the River Basin Council and Workshop 
Adopted a work plan for 2012-13 for the Western Bug Basin Department of Water Re-
sources 
- List of composition of WBRB Council par-
ticipants can be found in the database of the 
doctoral thesis, as well as minutes and work 
plan 
01/11/2012 Ger-
many, 
Ukraine 
 Strengthening implementation of Integrated Water Resources Management (IWRM) in 
Ukraine- Policy paper for inter-ministerial working group “Integrated water resources 
management”  
M. Leidel and J. Schanze within the Dresden-
Leipzig water science cluster/IWAS results 
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07/11/2012 Kiev  2nd meeting of the Inter-ministerial working group “Integrated water resources man-
agement” for discussing policy paper for inter-ministerial working group “Integrated wa-
ter resources management” 
List of participants can be found in the minutes 
in the database of the doctoral thesis 
10/07/2013 Kiev  Final IWAS conference List of participants and presentations can be 
found in the database of the doctoral thesis 
11/2013–
02/2014 
  National Dialogue for grouping capacities-Integrated river basin management in Ukraine 
(Project funded by the German Federal Ministry fort the Environment, Nature Conser-
vation and Nuclear Safety with means of the Advisory Assistance Programme for Envi-
ronmental Protection in the Countries of Central and Eastern Europe, the Caucasus and 
Central Asia, supervised by the Federal Environment Agency) 
 
11/12/2013 Kiev  Workshop “National Dialogue for grouping and developing capacities in the water sec-
tor 
Participants of the workshop were from the 
Ministry of Ecology and Natural Resources of 
Ukraine, the State Agency for Water Resources, 
the Ministry of Regional Development, Con-
struction, and Communal Living of Ukraine, as 
well as from scientific organizations, water 
service providers and NGOs (Mama-86); TU 
Dresden, German representative to the EU-
Common Implementation Structure (CIS) 
02/2014   Proposal for a EU-UA twinning project: Capacity Development for strengthening water 
monitoring as a contribution to river basin management 
Representatives of Ministry of Ecology and 
Natural Resources of Ukraine, Stephan von 
Keitz (German representative to the EU-
Common Implementation Structure, CIS), 
Marco Leidel (TU Dresden), Natalia Zakor-
chevna (Consultant)  
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6.2.2 Capacity assessment for academic education in the water sector 
For the science community the capacity assessment was based on several discussions and 
meetings with Ukrainian scientists from various universities, Ukrainian water experts, as 
well as employees of the Ministry of Education (Milestones can be found in Table 24). This 
was corroborated with the analysis of curricula in water management. Within the situation 
analysis, the Ukrainian academic education in the field of water sciences was analysed.  
The prevailing engineering approach to water management in Ukraine is also mirrored in 
academic education focusing on water engineering. The education in the field of water sci-
ences is strongly focusing on natural sciences and engineering sciences, i.e. it focuses on 
training on hydraulic construction and infrastructure. IWRM related topics of social sci-
ences are largely missing. Consequently, no interdisciplinary courses on IWRM are available 
at Ukrainian universities (Demydenko and Leidel 2010). Furthermore, the research is in 
some cases not state of the art in water sciences, e.g. modelling of water quality and quan-
tity or biological monitoring is not common. For reaching a vast amount of future decision 
makers in the field of water resources management, IWRM and RBM should be integrated 
in curricula of universities in Ukraine. 
An important role within the Ukrainian academic water education plays the National Uni-
versity of Water Management and Nature Resources Use (NUWMNRU) Rivne, since many 
engineers and future decision maker within the water sector are educated there (80% of the 
directors of the Ukrainian vodokanal companies are educated in Rivne according to Prof. 
Sapsay, vice-rector for research, education and international relations of NUWMNRU). 
The faculty of water resources at the NUWMNRU has 9 chairs, 11 professors and 83 doc-
tors with 800 full time students and 500 part time students. The disciplines of the faculty 
are inter alia hydrogeology, use and protection of water resources, ecology, hydraulics, me-
teorology, nature protection, and monitoring methods. The study courses are divided into 
bachelor programmes (4 yrs.) followed by programmes for “specialists” (75% of students; 
1 year) or programmes for “masters” (25% of students; 1 year but more credits needed 
compared to “specialists”), and also PhD programmes are available. Since Ukraine is part 
of the Bologna-process, it is planned to change completely to the B.Sc. /M.Sc. system. In 
2011 three new specializations for the “masters” were proposed to be integrated into the 
master’s programme of the faculty of water resources, namely (i) water management and 
natural building, (ii) hydrotechnics and (iii) rational use and protection of water resources. 
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A current list from the year 2013 of all available courses at the NUWMNRU can be found 
in the doctoral thesis data base.  
The NUWMNRU in Rivne is not within the Western Bug River Basin but in its vicinity 
and there were already studies done within this catchment, which was another argument for 
integrating the NUWMNRU into our activities. 
Yet, the assessment and the collaboration focused also on universities in the catchment of 
the Western Bug River. This is reasonable, since we wanted to cooperate with universities 
having local context specific knowledge. The Ivan Franko National University Lviv (IFNU 
Lviv) plays an important role not only within the catchment of the Western Bug River. 
There, the Department of geography is working on various aspects (planning, hydrology, 
meteorology, flood assessment) related to the Western Bug. Accordingly, professors, PhDs, 
doctoral candidates as well as students have been intensively integrated into IWAS activi-
ties. The Lviv Polytechnic National University (PNU Lviv) plays a significant role in West-
ern Ukraine, since it has a study course on Ecology and Environmental Protection and the 
University has close connections to the Department of Environment and Natural Re-
sources of Lviv Regional State Administration. Therefore, the IWAS project developed 
together with the NUWMNRU, PNU Lviv and IFNU L’viv a postgraduate module on 
IWRM (chapter 9.3). 
Apart from universities, we were also screening the educational landscape for IWRM 
courses in Ukraine. E.g. GWP Ukraine was organizing once a seminar with five lectures in 
the realm of IWRM for representatives of river basin management (RBM) authorities. Fur-
thermore, the ministry of Environment as well as the Water Agency have academies for 
advanced training. The latter is offering inter alia IWRM courses for staff of Water Agency 
and RBM authorities. Yet, according to one national water expert, the courses are called 
IWRM, but they are not focusing at all on IWRM. This could not be corroborated by fur-
ther sources of evidence, since course outlines and course descriptions could not be made 
available. 
6.2.3 Capacity assessment for economic water sector 
For the economic water sector, the assessments were done for municipal water and waste-
water companies, most of them in the Western Ukraine. In order to get a more holistic 
picture of the situation for wastewater companies in Ukraine, also the national association 
Ukrovodokanalecologia was integrated into the assessments. This NGO was established in 
1995 with the objective of providing methodological and organizational support for their 
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members in the field of water management. The association represents 70 municipal water 
management companies ranging from small companies with less than 30000 customers to 
huge companies with more than one million customers, and also organizations like univer-
sities are members (Table 16: Member structure of UkrovodokanalekologiaTable 16). Next 
to training, conferences and knowledge exchange between members, the association fo-
cuses on cooperation with the national political level in questions related to water manage-
ment, e.g. standard setting. Another focus of the association is to reduce the energy con-
sumption of water management companies, since this represents a major cost factor, espe-
cially for the wastewater companies. Therefore an energy-efficiency center was established 
in 2009. 
Table 16: Member structure of Ukrovodokanalekologia 
Amount of customers Amount of municipal water  
management companies 
<30,000 6 
30,000-50000 13 
50,000-100,000 10 
100,000-200,000 20 
200,000-500,000 11 
500,000-1,000,000 7 
>1,000,000 5 
Source: Data from Ukrovodokanalekologia 
In depth assessments of the water quality parameters of the inflow as well as the effluent 
were conducted for several companies throughout Ukraine under the auspices of the Stad-
tentwässerung Dresden (Wastewater company of the city of Dresden, Germany) as IWAS 
member. This was also conducted for the city of Lviv within the Western Bug River Basin. 
In contrast to the other cities, a holistic assessment of the capacity gaps was also conducted 
including the governance context (8.5.1). During the course of the IWAS project, addition-
ally an assessment for a smaller city within the Western Bug River Basin was started namely 
Chervonograd and conducted predominately by the Institute for Urban Water Manage-
ment of the TU Dresden as well as the company DREBERIS. The city was chosen, be-
cause it resembles 47 cities within Ukraine with a population between 50,000 and 100,000 
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with ailing infrastructure, inadequate financial means and an unsatisfying wastewater system 
in the adjacent rural areas. This work resulted eventually in another project funded by the 
German Federal Environmental Foundation. 
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7 Capacity development as a key factor for integrated water resources  
management (IWRM): improving water management in the Western 
Bug River Basin, Ukraine 
The following chapter is a citation of the original published peer reviewed manuscript: 
Leidel M, Niemann S, Hagemann N (2012) Capacity development as key factor for inte-
grated water resources management (IWRM): improving water management in the Western 
Bug River Basin, Ukraine. Environ Earth Sci. DOI: 10.1007/s12665-011-1223-5. 
7.1 Abstract 
There is growing consensus in the global water community that the concept of Integrated 
Water Resources Management (IWRM) is only the starting point in the IWRM implemen-
tation process. This paper proposes that special attention should be drawn to well-
elaborated and adapted Capacity Development (CD). It is argued that measures for solving 
existing water problems can only be sustainable and effective, if the knowledge generated 
about possible solutions is deeply rooted within the originating region. General guidelines 
for CD and knowledge transfer are elaborated, and these constitute the basis for region- 
specific CD strategies as exemplified in the Ukrainian Western Bug River Basin, one of five 
model regions within the International Water Research Alliance Saxony (IWAS). As a first 
step towards improving river basin management, situation analysis and capacity assessment 
are undertaken to evaluate social and political circumstances, identify relevant stakeholders, 
existing competencies, and anticipated difficulties in establishing an operational IWRM and 
appropriate tailor-made measures are proposed. The experiences gained during this process 
indicate that neither IWRM nor CD can be expected to stand alone when considering sus-
tainable development in water resources management. 
7.2 Introduction 
The paradigm of Integrated Water Resources Management (IWRM) has been generally 
accepted and is the basis for improving management in the water sector worldwide50. 
IWRM deals with complex and dynamic adaptive systems that comprise political, eco-
nomic, social, environmental and technical factors and their interactions (cf. definition of 
IWRM, GWP 2000). Shifting towards sustainable water management practices, the concept 
                                        
50 IWRM is a general principle of international development cooperation, e.g. Germany follows the IWRM 
model in all its development activities in the water sector (BMZ 2006). 
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emphasizes a process of permanent change without prescribing a ‘‘perfect’’ system to be 
implemented at once. 
Biswas (2004) and García (2008) doubt that the implementation of IWRM is possible at all. 
As an overarching concept, however, IWRM is not a concrete dogmatic manual at the op-
erational level or a rigid series of steps to be followed. Instead, it should be seen as a flexi-
ble conceptual  framework based  on  the  principles  equity,  efficiency and sustainability—
a general guideline for a more efficient water management that needs to be customized for  
the  unique  requirements  of  the  region  concerned (UN-Water  2008).  In a global per-
spective, the current implementation status of the IWRM process is still dissatisfying ac-
cording to UN-Water (2008). 
Since the late 1980s, the concept of capacity and capacity development (CD) has been in 
general use for international development cooperation as well as in the water sector in par-
ticular (Alaerts et al. 1991, Baser and Morgan 2008). It is increasingly recognized that in-
adequate governance structures and especially the gap between existing and necessary ca-
pacities, rather than technical challenges, are constraints for enhanced water resources 
management (cf. Alaerts 2009). 
The International Water Research Alliance Saxony (IWAS) is dedicated towards improving 
water management in several world regions, inter alia Eastern Europe/Ukraine, and the 
concept of IWRM constitutes its framework (cf. Leidel et al. 2010; Kalbus et al. 2011). 
Shifting the focus from theory towards implementation, a key objective of IWAS is to 
evaluate the influence of capacity development on the implementation of IWRM, especially 
in the challenging political environment of transition countries. This paper demonstrates 
the importance of CD for this purpose by showing the advantages of harmonizing CD into 
the IWRM process, as exemplified within the Western Bug River Basin, Ukraine. 
7.3 Capacity development for integrated water resources management 
Although the global water community does incrementally acknowledge the importance of 
IWRM as major concept for improving water management51   and thus for creating sustain-
able livelihoods, there is growing consensus that the concept of IWRM is only the starting 
point. UN-Water and Global Water Partnership (2007) claim that a roadmap accompanying 
                                        
51 On the World Summit for Sustainable Development in Johannesburg in 2002 it was decided to regard the 
development of IWRM as a major step in the process towards achieving the Millennium Development Goals 
(MDGs). 
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established national water plans will be needed, in order to focus not only on planning, but 
also on a concrete mechanism for implementation. 
According  to  UNESCO  (2009),  the  application  of IWRM principles at the river basin 
level is increasingly accepted  as  means  for  IWRM  implementation.  From a spatial per-
spective, the overarching concept of IWRM is represented in the river basin approach, i.e. 
managing water within the geographical and hydrological unit of the river basin52. Concen-
trating on river basin management, all issues in IWRM may not be covered but a crucial 
area is discussed. 
River basin management (RBM) and the establishment of river basin organisations (RBO) 
that deal with all water-related issues can contribute to successful operational water man-
agement. The river basin may, as Tortajada (2002) put it, ‘‘not always be the best unit for 
water management’’, and hence RBOs might not always be the most appropriate body for 
coordination53. Yet, from a scientific point of view, the river basin is the common unit for 
all water and substance balances, and basins have to be managed either by a formal organi-
sation, by official working groups between the responsible authorities or by informal 
groups (GWP & INBO 2009). 
In order to perform RBM properly, there is a need for data, information and knowledge 
about water-related issues, e.g. about the water management itself, but also about land and 
forest management or rules and regulations (Valensuela 2009). In addition, issues about the 
basin organisation itself need to be addressed, inter alia about the organisational structure 
and statute or the role in the institutional context (Ibid.)54. 
What  is  often  not  adequately  reflected in  respective policies in many parts of the world 
is that RBM does not merely mean the establishment of RBOs—it is much more than that, 
it implies a change in the general approach towards water management. Consequently, a 
major obstacle to successful RBM implementation is that the capacities needed are often 
not well developed. In order to overcome this shortcoming, the elaboration of a profound 
capacity development concept identifying the needs of the RBM is required. 
                                        
52 CAP-NET (2008) states that the river basin is the logical geographical unit for implementation of IWRM. 
53 Horlemann and Dombrowsky (2011) elaborate on the challenges to manage water resources at the level of 
river basins. 
54 Salamé and Van der Zaag (2010) present a good overview of the wide topical range in necessary knowledge, 
skills and tools for water managers. 
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7.3.1 Capacity and capacity development 
Even though the concept of capacity development is one of the cornerstones of develop-
ment cooperation, uncertainty and confusion about its exact meaning is still common. In 
fact, CD has often been misinterpreted as (i) acting only at the individual level and (ii) do-
ing so predominantly by training and education activities. This opinion is gradually shifting 
towards the understanding that CD is a much broader concept dealing with societal and 
political challenges (ECDPM in Blokland et al. 2009; Ubels et al. 2010a, b)55. Currently, 
instead of one, commonly accepted, universally valid definition of CD, a wide range of 
definitions focusing on different aspects of CD is available. Prior to elaborating on the 
concept of capacity development, the meaning of capacity should be addressed. 
From a multitude of definitions in the literature (e.g. Lopes and Theisohn 2003; Alaerts 
2009; and Ubels et al. 2010a, b) the authors regard the definition proposed by Alaerts 
(2009) that capacity is the “capability of a society to identify, understand and address prob-
lems, to learn from experience and to accumulate knowledge for future issues”, as being 
particularly apt. 
Additionally, (Fowler and Ubels 2010, in Ubels et al. 2010a) emphasize that capacity is 
about real-life issues and about improving the livelihoods of people. They state that capac-
ity is tangible and intangible; only a small part of capacity is tangible, for instance individual 
skills or organizational structures. A much larger part of capacity is intangible, for instance 
attitudes, values and cultural backgrounds56. 
Capacity is multi-dimensional, i.e. it has manifold elements57, actors and levels58 (Ibid.). Five 
core capabilities of capacity59 are differentiated in the European Centre for Development 
                                        
55 Lopes and Theisohn (2003) argue that underlying capacities (e.g. ownership, leadership, knowledge net-
working, etc.)  exist  that  are needed  for  supporting this  broader  view  and  thus  improving the overall 
effectiveness of CD. 
56 As a consequence of this, successful capacity development has to look ‘‘behind the scenes’’ of tangible 
capacities. 
57 Elements of capacity are particularly addressed in the Community Development Resource Association’s 
approach. This South African NGO describes them as conceptual framework, vision, strategy, culture, struc-
ture, skills, material resources (Kaplan 1999). Addition- ally, it emphasizes capacities’ status as being ‘‘(in-) 
visible’’. Visible does, in this context, apply to materials, skills, organizational structure, whereas invisible 
means that it is only observable through effects, e.g. vision or strategy of an organisation (Ibid.). 
58 Visser  (in  Ubels  et  al.  2010a) distinguishes between levels of human organisation (individual, organiza-
tion, sector/national institutions) and geographic, respectively administrative levels (communities, dis-
tricts/provinces, nation state). 
59 Capability to act and self-organize, capability to generate development results, capability to relate, capability 
to adapt and self-renew, capability to achieve coherence (Baser and Morgan 2008). 
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Policy Management’s concept (Baser and Morgan 2008)60. Further important  frameworks 
are,  for instance, the Capacity Development Strategic Framework developed by the Afri-
can Union (AU)/New Partnership for Africa’s Development (NEPAD 2009, 2010), or the 
approach towards capacity development from the UN Development Programme (UNDP 
2008, 2009), which is expanded upon later. 
Derived from these characteristics of capacity, according to UNDP (2008), capacity devel-
opment refers to ‘‘the process through which individuals, organizations and societies ob-
tain, strengthen and maintain the capabilities to set and achieve their own development 
objectives over time’’. 
Capacity development is a broad concept encompassing several issues, not limited to de-
velopment of individual skills but, more importantly, addressing relational capacity, i.e. the 
interface between actors (Woodhill 2010 in Ubels et al. 2010a, b). Societal negotiation 
processes, e.g. to shift water management practices, always include a multitude of actors 
(Multi-stakeholder processes), so that, according to Woodhill (2010) (in Ubels et al. 2010a, 
b), connecting and engaging actors is a vital aspect of change processes. Capacity develop-
ment is therefore a highly political pro- cess, always being about power, politics and inter-
ests (cf. Fowler and Ubels 2010, in Ubels et al. 2010a, b). 
The following section elaborates these themes further examining the main characteristics 
and multi-dimensional nature of CD. 
7.3.2 Multi-level approach of capacity development 
One major characteristic of CD is the fact that it addresses a   multitude   of   different   
levels.   In   international   CD research, this concept is commonly referred to as the 
‘‘multi-level approach’’ (Lopes and Theisohn (2003); van Hofwegen (2004); OECD (2006) 
5th World Water Forum (2009) and Alaerts (2009); Visser (2010); Figure 25). It distin-
guishes between different levels of CD measures; the individual, organisational and ena-
bling environment levels. Lopes and Theisohn (2003) circumscribe this by asking the ques-
tion ‘‘Capacity for whom’’? 
The human individual level is predominantly addressed by training and education activities. 
In order to attain the maximum possible success at the individual level, measures attempt 
                                        
60 Fowler and Ubels (2010), in Ubels et al. (2010a) elaborate similarities of (i) this widely recognized frame-
work and (ii) the one from Community Development Resource Association (see  above), both addressing the 
multiple dimensions of capacity. 
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to serve all three aspects of learning; knowledge, skills and attitude. If properly executed, 
such measures result, not only in better trained actors, but also in a changed behaviour and 
also influence the other two levels. 
The organisational level includes all activities that improve the processes within organisa-
tions, for instance defining a mission and strategy, or internal/external accountability and 
responsibilities. As shown in Figure 25, human resources development belongs to the or-
ganisational level, yet, it obviously has a strong link to the individual level. The overall out-
come of measures at this level is improved institutional performance; this is considered as 
an important step towards good water governance. As Earle et al. (2010) put it, there is ‘‘a 
distinct role for the development of knowledge and capacity to strengthen […] water man-
agement institutions’’.  
 
Modified after van Hofwegen (2004), 5th World Water Forum (2009 and Alaerts (2009) 
Figure 25: Multi-level approach of capacity development 
The third level, the enabling environment, includes all legislative, administrative, judicial   
and organizational issues influencing the performance of the individual and organisational 
levels. Such issues can be the development of policies or administrative regulations and 
ordinances but also the fiscal frame. 
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It should be emphasized that, as indicated above, the three levels are not independent of 
each other, but are intertwined in many ways61.  Hence, measures addressing one particular 
level often include and integrate consecutive influences on the others. 
The target group for CD is society as a whole, comprising specific societal groups like the 
scientific community, public authorities, the economic sector or the public in general, as 
differentiated in Figure 25. Each level has relevance for each target group. Ideally, any fo-
cus on a particular target group, or the break-down into lower levels, should be appropriate 
to the prevalent CD strategy, if one exists, and CD measures and especially the focus on 
special groups have to be demand driven according to the needs of the respective society. 
These two perceptions coincide with the results of World Bank’s (2008) project-based 
training activities’ evaluation that CD measures are insufficiently targeted to needs, and 
inadequately incorporated in broader CD-strategies. 
Based-on these observations, the process of capacity development and, in particular, its 
application in transition countries is examined in the following sections. 
7.3.3 Process of capacity development 
Lopes and Theisohn (2003) stated that there are no blueprints for capacity development. 
CD is an adaptive process62 that has to be customized to the respective goals and necessi-
ties of the region concerned. It is worth emphasizing again that CD is also an endogenous 
process; a process that is self- guided by the respective societies (Ubels et al. 2010a, b). 
Due to the complex and uncertain nature of capacity development processes, the ECDPM 
(2009a, b; in Blokland et al. 2009) considers capacity as an emergent property (i.e. that 
properties like capacity emerge from unplanned and uncontrollable processes) and con-
clude that the concept of complex adaptive systems (CAS)63 thinking is valuable for capac-
ity development processes. Consequently, the authors from ECPDM propose a shift from 
exclusively planned approaches towards more incremental64 or emergent approaches, were 
appropriate. 
                                        
61 Visser (2010) elaborates that such ‘‘nested systems’’ are interdependent, meaning that one level cannot 
perform well without the other levels. 
62 Earle et al. (2010), for instance, do, referring to Salamé and van der Zaag (2010), state that ‘‘the process of 
developing capacity is as important as the type of knowledge introduced’’ 
63 In brief, CAS means that organisations and systems are like living organisms that adapt and change contin-
uously and unpredictably (ECDPM 2009a, b). 
64 Incremental approaches combine strategic intent with flexibility (ECDPM 2009a, b). Incrementalism is, 
according to Bea and Haas (2005), the strong interlocking between the formulation/set up of a strategy and 
its implementation without defining explicit targets. 
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Thus, CD concepts and strategies need to be developed for the individual situation based 
on an evaluation of, and continuous adaptation to, local circumstances. Leidel and Nie-
mann (2009) assume that measures for solving existing water problems can only be sustain-
able if the knowledge generated is deeply rooted in the particular region. As the authors 
have elaborated at the beginning of this article, this also refers to IWRM—and again, a 
general concept needs to be broken down and customized for the specific regional and/or 
cultural conditions. Indeed, the issue of regional adaptation is, as demonstrated later on, 
not the only similarity of IWRM and CD. 
The widely applied CD approach from UNDP (2008) also follows the multi-level approach 
and comprises a process with five steps per iteration cycle: engage stake- holders on capac-
ity development, assess capacity assets and needs, formulate a capacity development re-
sponse, implement the response and evaluate capacity development. Core issues assumed 
to have the greatest influence on capacity development are institutional arrangements, lead-
ership, knowledge and accountability (UNDP 2009). According to UNDP (2009), an effec-
tive CD process has to be incorporated into national development plans. 
Considering the CD process from the UNDP (2008), a profound analysis or at least a 
screening of the societal and political situation including the identification and engagement 
of the relevant stakeholders should be conducted first (stakeholder and institutional analy-
sis). This goes hand in hand with the definition of overarching and general targets for the 
CD. The definition of general targets along with stakeholder and institutional analysis can 
be seen as a preliminary step for capacity assessment (current state analysis). According to 
such an assessment, anticipated difficulties as well as existing and missing competencies can 
be identified and, hence, minimize transaction costs for implementation later on in the 
process. Furthermore, capacity assessments support efficient resource allocation, since ca-
pacity development responses are identified according to their priority. Such capacity as-
sessment exercises have to be elaborated together with the relevant stakeholders. This will 
also help to minimize transaction costs, and stakeholders will be better informed and feel 
more integrated and accepted in the process. In addition, opposition to certain measures is 
less likely. Thus, it can be expected that measures based on such an assessment maximize 
CD impact. The Independent Evaluation Group of the World Bank (2008) showed that 
most training activities led to individual stakeholder learning, but only improved the capac-
ity of their institutions in half of the cases, one reason being that the institutional context in 
which the training took place was not considered thoroughly. 
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Overarching targets that have been set in the first step of the CD process should be broken 
down into a CD strategy. Ideally, a time frame for further steps in the CD process would 
be elaborated and CD measures and responsibilities for mile- stones identified. This would 
secure a stringent CD process, as well as growing the accountability of local stakeholders. 
The next step is implementation, monitoring and evaluation of the proposed CD measures; 
this in turn leads, as required, to the adaptation of the CD strategy, which is an iterative and 
adaptive process often based on a combination of planned and incremental approaches 
with numerous steps that are (i) intertwined and (ii) driven by additional external factors. 
Examination of the CD process from the UNDP (2008) with its continuous sequence of 
measures, evaluation and respective modification of future strategies and measures reveals 
additional similarity to IWRM and CD. 
7.3.4 IWRM and capacity development 
Integrated water resources management in a truly sustainable manner requires far more 
than merely linking different facets of water management. An additional and essential fac-
tor for successful implementation is good governance. Water governance, i.e. the interde-
pendence between governance and water, has become more and more important at the 
international level (Baum et al. 2009, p. 30). The term ‘‘good water governance’’ includes 
several aspects: ‘‘democracy and participation, transparency, decentralization, modern pub-
lic administration management, the rule of law, coordination of state, civil society and pri-
vate sector, etc.’’ (Ibid. p. 31). Lopes and Theisohn (2003) explain the inherent and direct 
interdependency between governance and capacity development by  the  fact  that  capacity  
development  is  about society’s ability to frame its own future. Beyond this, Woodhill 
(2010) (in Ubels et al. 2010a) states that real capacity development relates to processes of 
governance, because a large part of good governance depends on relationships between 
actors, and thus relational competencies are needed for improving development processes. 
Considering these points, it becomes clear that in our context CD has to focus not only on 
improving water management competencies, but also on improving governance for ena-
bling IWRM. The institutional basis for good governance65 is, however, often missing and 
can be enhanced by well-tailored CD especially in transition countries. 
                                        
65 A discourse on institutionalizing IWRM in transition countries can be found in Horlemann and 
Dombrowsky (2011). 
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It should be restated that CD has been recognized as one important factor for the imple-
mentation of IWRM.66 In the IWRM Guidelines at River Basin level (UNESCO 2009), for 
instance, CD is taken into consideration. Within those guidelines, the IWRM process is 
illustrated by a spiral, showing the assumed progress of IWRM. This spiral loops the 
IWRM process starting with the phase of recognizing and identifying, whereby CD is a part 
of this phase. The second phase is about conceptualizing, i.e. that the situation should be 
understood and future actions towards IWRM should be developed. The following phase 
deals with coordinating and detail planning. Concepts from the previous phase are finalized 
and coordinated with the stakeholders. The last phase of the IWRM process is about im-
plementing, monitoring and evaluation. Eventually another cycle of the IWRM spiral will 
start again at the first phase.67 Recalling the previously discussed CD process, it becomes 
obvious that both the IWRM process and the CD process have similar phases. 
CD is, as mentioned above, nevertheless, restricted to the first phase of the IWRM process 
from UNESCO (2009). Yet, the authors propose that CD should rather be seen as an ac-
companying process during all phases of the IWRM process, since knowledge and capacity 
for starting and maintaining the IWRM-process is often not adequate. Local stakeholders, 
therefore, have to be trained and educated during the complete IWRM process in order to 
play an active role. Furthermore, the improvement of the institutional  structures and  the  
enabling environment is  one indispensable part of the IWRM process since otherwise the  
knowledge  gained  by  the  stakeholders may  not  be applied and implemented. Thus, in-
stitutional capacity development has to be a part of all phases of the IWRM process, or at 
least taken into account. Consequently, we propose to merge the IWRM process with the 
CD process, meaning that the phases of CD will be aligned and harmonized with the 
phases of IWRM (Figure 26). 
This proposal is substantiated by the following considerations. In phase one of the harmo-
nised process, recognizing and identifying the problems in the river basin is the main point 
in this IWRM process stage (UNESCO 2009). Within the first phase of the CD process a 
profound analysis or at least a screening of the societal and political situation according to 
problems identified, including the identification and engagement of the relevant stake-
holders, should be conducted (stakeholder and institutional analysis).This goes hand in 
hand with the definition of overarching and general targets for CD and is in alignment with 
                                        
66 Salamé and van der Zaag (2010). 
67 For a detailed explanation of the IWRM spiral it is referred to UNESCO (2009) 
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the IWRM phase. This harmonisation supports IWRM actors in recognizing the right 
problem and estimating the accurate state of the problem. 
The second phase within the IWRM process (conceptualizing) assesses the structure of the 
problem in greater depth, conceptualizes feasible solutions and draft planning (UNE- SCO 
2009). The second phase of the CD process supports this, since the current state analysis 
(capacity assessment) identifies the gap between existing and missing competencies towards 
an operational IWRM. This is an essential point for endogenous and adaptive development 
processes like IWRM. Solutions have to take into account the level of available capacities in 
order to create ‘‘best fit’’ solutions. 
 
Figure 26: Combined and harmonized IWRM and CD Processes 
Consequently, the third point within the CD process establishes a CD strategy including 
planning of adequate CD measures. This compliments the third point of the IWRM proc-
ess, where coordination with stakeholders and eventually the draft plan is finalized 
(UNESCO 2009). The advantage of harmonising CD strategy and the final IWRM plan is 
that capacities essential for the IWRM implementation plan may not yet be available, but 
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can be developed accordingly. This means that it assists in prioritizing the required capaci-
ties of stakeholders for IWRM implementation and is thus resource efficient. 
The next step is the implementation, monitoring and evaluation of the IWRM plan and the 
CD strategy. The evaluation should then, if necessary, lead to the adaptation of the IWRM 
approach and the CD strategy. Eventually another iteration, i.e. another combined IWRM 
and CD cycle has to proceed, progressing IWRM and CD. This is indicated by the up-
wardly spiralling arrows in Figure 26, which shows the proposed combination of harmo-
nised IWRM and CD processes (based on UNDP 2008; UNE- SCO 2009). The arrows 
indicate that the actions mentioned within one phase, but also between the phases are in-
tertwined and no sharp boundaries exist. 
In the context of sustainable development, the authors are convinced that IWRM and ca-
pacity development are mutually dependent—or, to put it plainly: IWRM is, to a very large 
extent, capacity development. 
7.4 Capacity  development  for IWRM  in transition countries 
7.4.1 Institutional setting and transformation process in Ukraine 
The following section focuses on institutional preconditions for implementation of an 
IWRM concept (and especially the role of CD in this respect) in post-soviet countries, tak-
ing the example of the Western Bug Basin in Ukraine. 
The Western Bug River is a transboundary river and therefore not only affects Ukrainian 
territory but also influences the water quality on the Polish and Belorussian sides and the 
Baltic Sea. In addition, Ukraine is trying to amend its legislation to European standards. If 
Ukraine gains a closer relationship with the EU, they will have to adopt the EU WFD. 
Given that the Western Bug Basin crosses administrative boundaries, capacity development 
for RBM can be regarded as essential. 
It is a given fact that the initial conditions for transformation and the application of strate-
gies for the transformation process differ widely between the East European countries. A 
major difference can be observed between countries that joined the European Union (EU) 
and EU neighbouring countries that have currently no plans to become a member state of 
the EU. The new EU member states had strong economic and financial incentives to re-
structure their economic and political system and they were able to enforce structural 
changes with the main argument being for individual and economic prosperity after joining 
the EU. The transformation process took more time in Ukraine and as a result it entered a 
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‘‘third way’’ of transformation between capitalism and communism by establishing ‘‘social 
democracy’’ but at the same time securing ‘‘national protectionism of the state producers’’ 
(Stadnytskyi and Nobis 2008, p. 33). Old elites, which are still part of the political and eco-
nomic arena, contribute to the development of informal structures. The institutional setting 
in Ukraine is still quite weak and several democratic institutions and procedures are not 
taken seriously and are played with (BOS 2010). In some cases informal structures as well 
as personal relationships have more power than legal structures and the required resources 
are concentrated within the executive (Ibid, p. 79). Major problems in legal and political 
terms are the allocation of competencies for certain duties and responsibilities of different 
administrative units. Actors at the local and regional level are not used to independent deci-
sion making. Even though they have been assigned some competencies, in several cases 
they can be overruled by higher level decisions as a result of overlapping and not well-
defined responsibilities.68  This also has implications for the establishment and functioning 
of IWRM concepts, CD and the establishment and functioning of river basin management. 
Special features in transformation processes are the involvement of civil society and the 
right of political participation. Van Zon (2002, p. 404) criticises the absence of societal 
grounding for decisions in the Ukraine: ‘‘No polity has been created that is a reflection of 
society and that could adapt political structures to changing social needs, creating precondi-
tions for evolutionary institutional change’’. To summarize this, (i) awareness raising by 
information  distribution is  one  of  the  major  challenges when trying to set up a CD 
strategy and (ii) the rule of law is not fully  applied  which means that  in theory certain 
competencies might be assigned to authorities but in practice these competencies are over-
ruled by higher level authorities. Institutions and especially local organisations and admini-
strations, therefore, have to be assessed in detail regarding their capacity and competencies 
towards water management. Instruments have to be developed to strengthen their power 
and influence towards independent local decision-making. They have to be tailored accord-
ing to the specific Ukrainian, and in many cases, more regional circumstances. 
7.4.2 Capacity development for river basin management in the Western Bug River 
Basin, Ukraine 
7.4.2.1 Recognizing and identifying/targeting and involvement of stakeholders 
                                        
68 For more information on the decentralization process and short- comings regarding the assignment of 
competencies see Unnerstall and Hagemann (2011). 
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When following the consecutive steps elaborated in the combined IWRM and CD process 
(Figure 26), recognition and identification of status quo and respective challenges is the 
first step to be taken. The Western Bug River originates in the West Ukrainian oblast 
L’viv69   and is a transboundary river, bordering Poland and Belarus and entering the Euro-
pean Union (EU), where it becomes subject of the EU Water Framework Directive 
(WFD). 
Current and ongoing studies show that the hydromorphology of the Western Bug River 
and its tributaries are along many stretches only slightly to moderately anthropogenically 
modified (Scheifhacken et al. 2011), but they contain  high  levels  of  organic  and  inor-
ganic  pollution (Ertel et al. 2011). Such pollutants are from point sources like out-dated 
and deteriorated  municipal  and industrial waste water treatment plants and diffuse sources 
like eroding agricultural/fallow land, pesticide waste sites, mining activities and wastewater 
from rural communities that are not connected to the sewer system (Ibid.). 
The stakeholder and institutional analysis revealed that there is currently no external pres-
sure on Ukraine to implement legislation for sustainable water management and especially 
not for designing and implementing a RBM concept. The two most important Ukrainian 
regulations with regard to water protection, the Water Code of Ukraine and the Law on 
Potable Water and Potable Water Supply, however, claim the adaptation of EU principles 
regarding the protection of waters from pollution (Kuhrt 2008). Regarding River Basin 
Management, Article 13 of the Water Code of Ukraine reads as follows: ‘‘The state man-
agement of water resources use, protection, and restoration is carried out according to the 
river basin principle on the basis of national, international, and regional pro- grams for 
water resources use, protection, and restoration’’. This regulation is not further defined, but 
despite this fact, six river basins have been defined for Ukraine, under the auspices of the 
State Committee of Ukraine for Water Resources, and one of them is the Western Bug 
River. This means that there is no legislation providing guidelines on how river basin coun-
cils have to be organised and how programmes have to be set up and implemented. These 
decisions are left to basin authorities that lack the back- ground and experiences to fulfil 
their duties. 
                                        
69 The first level of Ukraine’s administrative division is called oblast (province) 
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In the case of the Western Bug, two TACIS70 (EU 2006) projects were set up with the aim 
of establishing a RBM concept, with the main aim of establishing cooperation of organisa-
tions across administrative borders, which is a novelty in Ukrainian local governance. The 
Oblasts L’viv and Volynska were asked to set up a joint river basin council71  and further-
more, a river basin department was installed.72  This was quite successful in the beginning 
because actors succeeded in setting up a river basin council of 50 members with represen-
tatives from the Regional State Administrations, public bodies, NGOs, scientists, consum-
ers, bodies of local and regional councils, public bodies and the Western Bug Basin De-
partment of Water Resources (Zingstra et al. 2009, p. 27). In addition, the respective ad-
ministrations of both Oblasts were asked to cooperate especially regarding data exchange 
which— according to personal statements—did not work out the way it was supposed to.  
Data are gathered and stored within one authority, but the data are incomplete and/or 
measured with different techniques and are therefore sometimes not comparable. Besides 
missing data and some data exchange problems, financial provision and transfer to the local 
level is an obstacle to an adequate RBM approach. 
Those issues identified constrain the sustainable utilisation and conservation of water re-
sources, impacting not only the ecosystem itself, but also the livelihoods of the people 
within the Western Bug River Basin. Because of the high degree of pollution and the insti-
tutional deficiencies, efficient improvement of surface water quality with a holistic ap-
proach towards water resources management is of utmost importance. Respective activities 
were elaborated in close accordance with the general national Ukrainian water policy, e.g. 
the National Targeted Program for Water Management Development up to 2020.73  Ac-
cording to that program and the aforementioned regulations, the Ukrainian government 
intends to enhance water management by, among other measures, approaching interna-
tional standards like the EU-WFD. Eventually, the principles of IWRM, in the respect of 
RBM should be implemented in the Western Bug basin. 
7.4.2.2 Conceptualizing/current state analysis 
                                        
70 Technical Assistance to the Commonwealth of Independent States; foreign assistance programme imple-
mented by the EU (1991–2007). 
71 Hence, we are not talking about a transboundary river basin approach between Ukraine, Belarus and Po-
land, but a national one, even though strong cooperation with the Polish and Belorussian authorities exists  
and  a  platform  for  information  exchange  is provided. 
72 Called Western Bug Basin Department of Water Resources. 
73 In 2009, this programme was revised and it now contains the ‘‘introduction of a system of integrated water 
management according to the basin principle’’; yet, it is only declarative. 
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Within the phase of conceptualizing and current state analysis, the status of the problems 
within the Western Bug River Basin would be scientifically substantiated, for instance, by 
applying the knowledge gained from phase one in order to identify, issues for water users. 
As pointed out earlier, a capacity assessment is the condition sine qua non for effective CD 
measures. Therefore, capacity assessment exercises must be elaborated.74 
Based on system analyses and identified pressures on the  water  resources,  the  key  issue  
within  the  second phase of the  combined IWRM and CD process was to identify prob-
lems that constrain the implementation of an efficient RBM.  The  project  analysed,  which  
competencies in the field of integrated RBM are already available, which additional ones are 
needed for improving current water management,  and  which challenges  towards inte-
grated   RBM  lie   within  the   identified  target   groups, public   authorities   (Environ-
mental   administration   and water authorities of the oblasts L’viv and Volyn, Western Bug 
Basin Department of Water Resources), science community (on national and catchment 
level) and the economic sector (municipal water and wastewater companies). 
As mentioned earlier, the capacity development process in the Western Bug River Basin 
follows a multi-level approach. The enabling environment, organisational, individual levels 
have, therefore, been considered for all three target groups within the capacity assessment. 
From that assessment, possible solutions were identified, i.e. different options were ana-
lysed according to their financial, environmental and political feasibility. It was clearly high-
lighted that the difficulties in implementing capacity development responses will increase 
from human resources development to the system level. Finally, the project identified both 
prioritized CD measures and responsibilities, securing the accountability of the actors. 
For the public authorities, at least three essential, but lacking factors for sustainable water 
monitoring and transparency of executed monitoring activities were identified, whose im-
provement is feasible within a reasonable amount of time: 
(i)  robust and  reliable  data  as  fundamental basis for water monitoring and thus aware-
ness raising. As mentioned previously, however, measurement methods, for instance, for 
water quality parameters, partially vary between authorities in the river basin; 
(ii)  exchange  of  data  and  information  within  and between authorities, which is still not 
working properly between the authorities in the Western Bug basin; and 
                                        
74 E.g.  one  workshop  was  executed  in  coordination  with  Global Water Partnership (GWP) Ukraine in 
the role of the authorities involved in the water management of the Western Bug river basin. 
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(iii) modelling of water quality and quantity, which is still in its infancy in the region. 
The assessment of the economic sector showed that the sewage system is, as mentioned 
above, in ailing condition. In fact, the problems are not exclusively related to the available 
technical know-how, but instead a multitude of reasons are responsible (the weak institu-
tional framework, no cost-efficient prices, little networking between waste- water compa-
nies, little vocational training and inadequate rules and standards). 
Within   the   scientific   community,   the   assessment revealed that the prevailing engi-
neering approach to water management in the Ukraine is also mirrored in academic educa-
tion that focuses on water engineering. Consequently, no interdisciplinary courses on 
IWRM are available at Ukrainian universities (Demydenko and Leidel 2010). Furthermore, 
research is not state of the art in water sciences, e.g. modelling of water quality and quantity 
or biological monitoring is not common. 
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7.4.2.3 Coordinating and planning/CD strategies and measures 
The situation analysis and the capacity assessment showed that there are already competen-
cies available for integrated RBM, e.g. the existence of the Western Bug Basin Department, 
but the authors found certain capacities to be absent, e.g. data management, and water 
monitoring and modelling. It  became  obvious  that  the  process  of  introducing, respec-
tively, continuing the RBM approach and thus the IWRM process, is in  direct  connection  
to  CD. Thus, a capacity development strategy including the identification of (short and 
intermediate term) feasible and fitting CD measures was elaborated for improving river 
basin management in the Western Bug Basin. 
Capacity assessment for public authorities resulted in measures for (i) enhancing communi-
cation between authorities (relational capacity development to enhance cooperation and 
build trust), improving the data basis, i.e. by measuring campaigns and intercalibration of 
different measuring methods and (ii) the development and enhancement of data base sys-
tems and training of government employees for such systems was also proposed. Addition-
ally, it is planned to (iii) inform the decision makers within this basin about the advantages 
of modelling for integrated RBM. 
The measures for the wastewater companies contain the development of concepts for 
strengthening of communal companies, technical and vocational education and training 
(TVET), the development and organization of rules and standards and strengthening the 
network of Ukrainian wastewater companies. 
In order to shift sectoral water education, curricula for academic courses on IWRM are 
developed and tailored for participating universities so that future water professionals are 
familiar with this holistic view during their studies. Furthermore, research in IWRM and 
especially modelling will be strengthened, i.e. through networking between Ukrainian uni-
versities and with the Technical University of Dresden, thus bringing the Ukrainian univer-
sities closer to the European Research Area (ERA). 
The last phase of the harmonized IWRM and CD pro- cess (Implementing, monitoring, 
evaluation) has started in the Ukrainian case study, meaning that the proposed CD meas-
ures for the mentioned target groups are gradually implemented. Subsequent steps are the 
scientific monitoring and evaluation of the measures, focusing on their strategic impact on 
water management. 
The authors have showed that system analysis is an important step towards implementation 
of an improved RBM. The example presented here, however, also demonstrates the added 
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value of CD as an integral part of implementing RBM and thus approaching IWRM. The 
authors are convinced that only the combination of both approaches will increase the 
chances of success of improving management of the Western Bug river basin. 
7.5 Discussion 
This article demonstrates that capacity development is a key factor for Integrated Water 
Resources Management. As a matter of fact, CD is not a new concept within water man-
agement theory; however, it is often regarded as only one piece of the puzzle and not as an 
integral and inherent part of IWRM, or RBM. At best, it is seen as a supplementary process 
accompanying development processes in the water sector. Within this paper, the authors 
emphasize the high relevance of harmonizing the concepts of IWRM (at the river basin 
level) and CD for supporting the implementation of improved water resources manage-
ment. Thus on the basis of recent literature this article demonstrated the complex nature of 
capacity and its emergent development by means of incremental approaches. Con- tempo-
rary CD not only focuses on individual competencies, but also on organizational develop-
ment and the enabling environment. CD is further not just about water management com-
petencies, but also emphasis on the relationship to government processes as well as under-
lying capacities (‘‘soft skills’’) like leadership development, trust generation or negotiation 
skills. These last two points are more easily said than done. Actors within development 
processes often want to see fast results, which can be only accomplished by tangible meas-
ures like training activities or improving technical capabilities. From such capacity devel-
opment responses, usually no fundamental changes can be expected. On the other hand, 
focusing only on long- term and intangible interventions, e.g. developing strategies for or-
ganisations or strengthening ownership and leadership, may reduce actors’ incentives for 
participating in development processes. 
In order to foster sustainable development, long-term and intangible approaches are indis-
pensable, especially in transition countries like Ukraine. Another danger for long- term 
capacity development activities is political instability with associated institutional shortcom-
ings. The current political situation in the Ukraine has to be taken into account for CD as a 
legacy of the still not completed transformation   process.  For   practical   application   this 
means that actors, especially at the political level, are exchanged frequently. This restricts 
the sustainability of CD actions. In addition, the implementation and targeting of measures 
is in some cases difficult, because the responsibilities of authorities are unclear—
implemented measures might be reversed at the whim of a higher level authority. The ap-
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proach in the Western Bug Basin focuses therefore on a mixture of short- and intermedi-
ate-term measures that are in accordance with overall and long-term capacity development 
targets of establishing efficient river basin management. The first experiences show that 
elaboration of functioning networks is crucial to success, that is, in developing relational 
capacities of actors as the basis for trust generation and thus for healthy collaboration. 
However, a scientifically sound monitoring and evaluation approach has to be developed, 
in order to better assess the impact of the implemented CD measures on improving the 
water management. 
The implementation deficits of RBM structures in the Western Bug River Basin are a fur-
ther obstacle for CD, because the Bug River Basin Council in particular is a unit where 
information exchange and distribution is settled and several different stakeholders are in-
volved. Furthermore, the advisory function of the body to the Western Bug Basin Depart-
ment of Water Resources is an essential instrument for integrating local knowledge and 
experiences into the process of setting up a river basin management plan. 
It should be acknowledged that capacity development is a lengthy process, with significant 
results possibly only showing after decades. 
7.6 Summary  and outlook 
The concept of IWRM is the current frame for water management worldwide. Irrespective 
of the fact that it might be barely feasible to fully implement the approach in countries with 
well-established water management systems, transition countries such as Ukraine are often 
lagging even farther behind. 
Although good water governance and thus a strong civil society are important factors for 
making IWRM operational, many countries struggling for the implementation of IWRM 
do, to a certain extent, lack such factors. The respective society, therefore, needs these ca-
pacities, in order to start such processes and keep them running.  
Despite obstacles for the enhancement of RBM in Western Ukraine, a combined approach 
of IWRM and CD has a high chance of success. The analysis of the current state of the 
natural conditions and the governance analysis can be seen as essential, yet preliminary 
steps towards improving water management. According to those analyses, implementing 
tailor-made and targeted measures is possible. This strong emphasis on CD assures a long-
lasting improvement by achieving good governance and thus enhancing prevailing sectoral 
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water management. Further sustainable interventions should also aim at the general public, 
including school education.  
Another important future development, that would be a significant step towards more sus-
tainable water management for the Western Bug Basin, is the establishment of transbound-
ary water management with all neighbouring countries, i.e. Ukraine, Belarus and Poland 
and possibly modelling existing international bodies such as the International Commission 
for the Protection of the Rhine (ICPR). 
Hence, when talking about sustainable and long-lasting development, IWRM and capacity 
development cannot stand alone—or, to put it more plainly, the successful implementation 
of IWRM depends, to a very large extent, on capacity development 
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8.1 Abstract 
Key problems of Integrated Water Resources Management refer to interactions between 
various levels, scales and existing coordination gaps, such as inadequate governance structures 
and insufficient knowledge and capacities. In this study we describe a management frame-
work that aligns model-based systems analysis with capacity assessments suggesting a con-
cept for improving cross-scale interactions and thus for overcoming both, water-related 
pressures and coordination gaps. In the study we (i) identify the missing link between tech-
nical development approaches and capacity development, (ii) outline interrelations between 
environmental pressures on aquatic systems and capacity and information gaps in a trans-
parent way, and (iii) introduce a practice-relevant method to combine model-based system 
planning with capacity assessments for deriving management options that support water 
management actors in reducing pressures and gaps. The results of the integrated analysis 
are made explicit by introducing a matrix approach that is inspired by an existing frame-
work to systematically differentiate water quality-related pressures (cf. Blumensaat et al.  
2013). The approach confronts pressures and gaps and so jointly addresses technical issues, 
institutional challenges, organizational development, information needs, and human re-
sources development. The concept supports a transparent decision making process by 
identifying knowledge and capacities required for the implementation of corresponding 
technical intervention options and vice versa. The application of the method in the Interna-
tional Water Research Alliance Saxony model region ‘Ukraine’ is illustrated to demonstrate 
the added value as a boundary object between scales that is supporting actors in stream-lining 
model-based planning and capacity development. 
8.2 Problem scope 
Implementing the concept of Integrated Water Resources Management (IWRM; e.g. GWP 
2000) in practice is still a considerable challenge (e.g. Biswas 2004; Medema et al.  2008). 
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Key issues refer to interactions between various levels and scales (Moss and Newig 2010; 
Gupta and Pahl-Wostl 2013). Existing coordination gaps such as inadequate governance 
structures and missing capacities need to be adapted to IWRM requirements—according to 
the OECD (2012) the lack of capacities is the second most important issue in water man-
agement after financial constraints. 
The IWRM concept furthermore implies the joint consideration of various technical as-
pects, whereas ‘technical’ is here defined as ‘pertaining to different technical disciplines’. 
This extends the scope and the complexity of the system to be analysed as such that plan-
ners often face the challenge to answer increasingly complex questions in a minimum of 
time, with least effort and information. A number of different approaches, such as sub-
stance flow balancing and integrated process-based modelling are being used to handle this 
increased system and problem complexity and to consider different issues in a conjoint, 
integrative manner (e.g. Benedetti et al. 2005; Blumensaat et al. 2009; Dietrich et al. 2012). 
However, very often this type of systems analysis has been considered mostly detached 
from the examination of governance and capacity related aspects. But as a matter of fact, 
the IWRM theory demands covering alike pressures causing impacts on the environment 
and governance/capacity issues (cf. GWP 2000; UNESCO 2009). 
Our main research questions are therefore: 
(i) how to improve the interlinkage between technical planning aspects and capacity issues, 
and  
(ii) how to make this complex interaction transparent and applicable for participating ac-
tors.  
Within this context, all actors involved in the management process must understand that 
technological solutions may be less efficient without systematic (model-based) analysis (e.g. 
as exemplified by Blumensaat et al.  2013), modelling results are less reliable with inade-
quate input/ reference data, and data stays inconsistent with unsystematic environmental 
monitoring programmes or lacking resources and capacities. 
Thus, a third key question is (iii) how to strengthen the interdisciplinary collaboration be-
tween different scientific disciplines and, in particular, how to address the difficulties in 
combining different research methods (e.g. comparative vs. case-based research: cf. 
Mollinga 2008; Lang et al.  2012). 
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In this paper we propose a management framework that aligns model-based systems analy-
sis with capacity analysis. We focus on the influence of model-based planning and capacity 
development approaches for knowledge exchange within the IWRM process and thus on 
the development of tailoring management options.75 By exploring capacity and information 
gaps, cross-scale (e.g. science-policy) and multi-level challenges are resolved to approach 
transdisciplinarity (cf. Pohl and Hirsch Hadorn 2008) for real-world implementation of 
IWRM. 
8.3 State of the art 
8.3.1 Governance and capacity development 
Within the literature on capacity and capacity development, the governance context—
consisting of fundamental rules and the legal system (Davis and North 1971), cultural 
norms and individual as well as collective actors (Pahl-Wostl et al.  2013)—is often inte-
grated in the multi-level approach of capacity development, next to organizational and in-
dividual level (van Hofwegen 2004; Alaerts 2009). Despite the fact that governance is an 
important issue, we refer to the capacity development literature (e.g. Lopes and Theisohn 
2003; Alaerts and Kaspersma 2009) and do not repetitively mention governance explicitly, 
but consider it as a part of capacity and capacity development. For a discussion on capacity 
development we refer to Lopes and Theisohn (2003), Alaerts (2009), Ubels et al. (2010) 
and Leidel et al. (2012). 
8.3.2 Coordination gaps in water resources management 
The OECD multi-level governance framework describes key challenges on a broader basis 
as interrelated coordination gaps in water resources management (Charbit 2011; OECD 
2012; see Table 17). Yet, in this study we focus on information and capacity gaps, since 
exploring and reducing these gaps are decisive factors for systems understanding and thus 
serve as a basis for elaborating upon other coordination gaps. Hooper et al. (1999), for 
example, underline the need for integrating information and competencies in river basin 
management (RBM). The information gap refers to the asymmetry of information between 
individual and collective actors that are involved in water policy making and is thus con-
                                        
75 We define management options as a combination of ‘technical intervention options’/rehabilitation 
measures, such as the implementation of innovative treatment technology at a wastewater treatment plant 
(WWTP) with capacity development measures, for example the establishment of training courses for operat-
ing personnel. 
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nected to the capacity gap76. It can be about the quantity, quality and type of information. 
There is either a general lack of appropriate information for the management at the rele-
vant level, or the information is not or hardly shared by the responsible authorities. The 
information gap can occur between different levels of a government branch (e.g. within 
one ministry), between different government branches (cross-scale, between different min-
istries) as well as cross-scale between different stakeholders (authorities, NGOs, public). 
Timmerman et al. (2010) define the water information gap as the gap between information 
producers and users (science-policy), and describe a method for improving the communi-
cation between them. That means that this gap strongly influences decision making in the 
realm of water management. 
Gap Explanation 
Information gap Asymmetry or lack of information 
Capacity gap Missing capacities and knowledge 
Administrative gap Misfit between hydrological and administrative boundaries (problem 
of fit) 
Policy gap Sectoral fragmentation of water policy across different authorities 
(horizontal interplay) 
Funding gap Finances for fulfilling responsibilities missing or not regularly 
enough paid 
Objective gap Contradicting targets, e.g. flood control versus nature protection 
Accountability gap Lack of transparency within water policy 
Based on Charbit 2011, OECD 2012 
Table 17: Coordination gaps in water resources management  
The capacity gap refers to missing capacities and knowledge. This comprises as commonly 
defined (i) individual capacities, i.e. skills, attitude and knowledge of water actors (e.g. sew-
age engineering technician), as well as (ii) organizational capacities, i.e. available technical 
infrastructure such as laboratories for ensuring the responsibilities (e.g. of authorities for 
water quality monitoring). The latter also comprises capacities towards organizational proc-
esses, for example how to do water quality monitoring, how to fulfil reporting commit-
ments or collaboration with other authorities. There can also be a capacity gap within the 
governance context, for instance concerning laws relevant for organizing water manage-
ment, environmental legislation, policies, regional planning, municipal economy, and tariff 
regulations. 
                                        
76 Asymmetry of information is a general problem in environmental policy making (Krutilla and Krause 
2011). 
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Gaps exist at various levels and scales and thus are often associated with cross-level and 
cross-scale challenges (cf. Figure 27) so that the question arises how to handle such chal-
lenges. 
8.3.3 On the role of scales and levels in IWRM 
IWRM has to be implemented at multiple levels and scales in order to be sustainable. It is 
therefore decisive to identify and understand relevant scales and levels within water man-
agement and its interactions (cf. Moss and Newig 2010; Gupta and Pahl-Wostl 2013). En-
vironmental researchers commonly use the terms ‘scale’ and ‘level’ for spatial and temporal 
dimensions. We draw on the definition of scale and level from Gibson et al. (2000) and 
Cash et al. (2006) in which scale is referred to as a dimension for analysing challenges, for exam-
ple spatial, temporal, institutional or managerial, and level as a position on the scale. Cash et al. 
(2006) showed that cross-scale and cross-level interactions are evident in man–environment 
systems.77 According to the authors, a major challenge for resources management lies in the 
mismatch between research and scientific knowledge at a global (and therefore abstract) 
level and applied, often empirical know-how on a local and context-specific level. Global 
concepts (e.g. the general IWRM concept) are hardly applicable for regional decision mak-
ers and local knowledge is often disregarded, i.e. not communicated and scaled up to higher 
levels (e.g. how to operate a wastewater treatment plant under financial constraints). The 
importance of a cross-sectoral analysis for an integrated and adaptive management (cf. 
Pahl-Wostl et al.  2012) is an implicit part of the mentioned cross-scale interactions and its 
application for relevant actors. This clearly underlines that identifying and understanding all 
relevant cross-scale and cross-level interactions is as important as developing technically 
efficient management options. In fact, interactions between scales and levels within IWRM 
are still insufficiently explained which contributes to the confusion about IWRM. Vreug-
denhil et al. (2010) conclude that flexibility in scaling and scale use is an important factor 
for successful management, i.e. ‘‘looking outside existing boundaries’’. One question is 
therefore how to overcome boundary problems for improving cooperation between scales. 
                                        
77 Young ( 2002) and Moss ( 2003) describe these interactions as problem of fit, vertical and horizontal inter-
play. 
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Figure 27: Underlying framework illustrating ‘scale’ and ‘level’ challenges 
8.3.4 Boundary objects to approach cross-scale interactions 
Boundaries, i.e. cross-scale challenges, are manifold according to Mollinga (2010), for instance 
between different academic disciplines, sectors or experts and laymen. Simultaneously, 
knowledge and capacities are often unevenly distributed between water actors, so that a 
need arises for an institutional framework that deals with cross-scale dynamics for facilitating 
cooperation and knowledge exchange. Cash et al. (2006) propose responses such as institu-
tional interplay, co-management or boundary organizations as described by Guston (2001). 
Mollinga (2008) argues that boundary concepts, boundary settings and boundary objects are 
required. Acknowledging their importance, this study focuses on boundary objects to ap-
proach cross-scale challenges. The concept of boundary objects was introduced by Star and 
Griesemer (1989) as a ‘‘means of translation’’ between different social worlds. Boundary 
objects should provide the ‘‘knowledge for doing’’ (Mollinga 2010) potentially through 
maps, reports, frameworks, scenario development, models, and decision support systems 
(Cash et al.  2006). Mollinga (2010) describes three strategies, i.e. distinct routes to develop 
boundary objects: 
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(i) the analytical route: applying analytical methods, models to understand complex systems. 
Knowledge is developed ‘‘externally’’ for example by scientists and then transferred to the 
decision-making process.  
(ii) the assessment route: building a link between different disciplines or different actors, 
for example by developing suitable frameworks to clarify complex issues. The frameworks 
facilitate cross-scale knowledge transfer (e.g. between science and policy), which is appealing 
for decision-makers (Mollinga 2008).  
(iii) the participatory route: emphasizing social learning78 and political negotiations as a con-
tinuous social process for knowledge development within the decision making process, for 
example through putting forward round table discussions with participating actors at an 
early stage. This contributes to promote river basin management by exchanging knowledge 
and mutual learning. 
Mollinga (2008) discusses obstacles for all three routes, concluding that converging the 
three routes into one strategy can improve the performance of sustainable resources man-
agement by approaching transdisciplinarity. To adapt regularly to changing conditions, 
Mollinga (2008) further concludes that information generation and iterative learning are 
essential for resources management.  
8.3.5 The harmonized IWRM and capacity development concept 
Based on Mollinga’s work on boundary objects ( 2008, 2010) and findings by other authors 
(e.g. Salamé and van der Zaag  2010) it can be concluded that capacity development (CD) 
has to be on a par with other IWRM related processes. Hence, Leidel et al. (2012) sug-
gested harmonizing IWRM and CD processes. This approach enables CD measures to be 
selected that fit with the overall IWRM process. Yet, the specific interaction with the 
model-based systems analysis and the resulting rehabilitation measures are not taken into 
account completely. 
8.3.6  The model-based IWRM planning framework 
Modelling approaches for the quality and quantity of water resources are widely used in 
water management (i) to increase systems understanding, (ii) to identify relevant pressures 
and impacts and (iii) to assess the performance of (technical) rehabilitation measures. They 
can be further used to describe future conditions especially within a globally changing envi-
                                        
78 Social learning is according to Reed et al. ( 2010) defined as (i) a change in understanding in the individuals, 
(ii) goes beyond individual learning and is within wider social units and (iii) change occurs through interac-
tions between actors within a social network (meetings, media, Web 2.0). 
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ronment. Blumensaat et al. (2013) proposes a model-based IWRM planning framework for 
identifying impacts on river water quality that reduces complexity by differentiating pres-
sures (P) within different subsystems (S) and introducing the S/P matrix. Within this ap-
proach a variety of models of different complexity, different spatial and temporal scale can 
be applied. Within the multi-objective evaluation, relevant stakeholders are already inte-
grated for identifying a ranked list of potential rehabilitation options. Yet, the concrete in-
teractions with capacity analysis are just taken into account in the final phase, i.e. the result-
ing management options are based on systems analysis without assessing the capacities 
from the very beginning. 
8.3.7 Synopsis 
Considering current practice in water management, we can conclude that: 
(i) ambiguously used terminology impedes integrative water management across scales,  
(ii) technical optimization is often carried out without considering capacities,  
(iii) coordination gaps hamper the successful implementation of intervention options,  
(iv) global and abstract approaches are inefficient to resolve problems at a local level,  
(v) boundary objects that combine the analytical, the assessment and the participatory 
strategy help improve water resources management. 
8.4 Methodology 
In this study we develop a framework for an integrated analysis, i.e. a combination of 
model-based systems analysis and capacity analysis as a basis for developing sustainable 
management options. It is based on the joint examination of the three scales outlined in 
Figure 27. 
8.4.1 Framework overview 
At the centre of Figure 27, the water management scale is shown with its different levels. It 
follows a nested approach starting with abstract concepts at a global level (e.g. flood risk 
management-FRM) and gradually becoming more context-specific by going down to the 
national, regional and local level. Each single level of water management consists of an inter-
acting man–environment system (e.g. urban and rural entities: water and related resources), 
as well as the socioeconomic system with a governance context and its actors (e.g. authori-
ties). The water management scale interacts with the pressures resulting from human activi-
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ties and the coordination gaps (cross-scale interactions). For instance, at the local level, the 
water management consists of adjacent river sections as (natural) subsystems (S) with pres-
sures (P), for example pollutant emissions exerted on them. It also consists of local water 
service providers (local wastewater operators) and local authorities (municipal environ-
mental inspections) as subsystems (S) with potential coordination gaps (C) such as a lack of 
information on the surface water quality due to inefficient monitoring programmes. As 
indicated by the nested boxes in Figure 27, cross-level interactions potentially occur. For in-
stance, decisions at the regional level also have consequences for urban water management 
at the local level and vice versa. 
8.4.2 Model-based systems analysis and impact assessments 
On the left hand side of Figure 27 the pressures on the man– environment system are 
shown. The analysis of the pressures results in deriving potential rehabilitation and optimi-
zation measures. Hence, it interacts across the scale with water management. Integrated 
modelling has become an important part for supporting decisions in water management. 
Yet, the selection of the appropriate modelling approach is always conditional upon the 
availability of data and information. In fact, river basin management strongly depends on 
consistent and reliable field observations, which are organized and documented through 
adequate data management. Various studies have shown at different geographical scales 
(Dietrich et al.  2012; Blumensaat et al. 2013) that modelling of different levels of complex-
ity can significantly contribute to a water management planning. Modelling that successfully 
supports decision-making is credible, but also legitimate (accepted) and salient (relevant)—
cf. Mollinga (2010). This in turn means the modelling approach must be objective-driven 
and adapted to the perceptions, needs and capacities of the involved actors. Therefore, the 
scale of model-based systems analysis has to interact with the scale of capacity analysis and 
assessment. 
8.4.3 Capacity analysis and assessment 
On the right hand side of Figure 27, coordination gaps are shown, namely the governance, 
the organizational and the human capacities79 as well as the information sub-scale. There is 
an evaluation of which type of capacity and information is available and what is required 
for each level of water management. Several methods for analysis are available: for example 
reviewing documents, stakeholder analysis, institutional analysis, SWOT analysis, capacity 
                                        
79 This reflects the aforementioned multi-level approach. Yet, we turn it upside down for the sake of clarifica-
tion and define it as sub-scales. 
Supporting decisions in water management by exploring 
information and capacity gaps: experiences from an IWRM 
study in the Western Bug River Basin, Ukraine 
234 
 
 
 
assessment workshops, focus group discussion. The information assessment refers to the 
quantity, quality and type of data. This comprises information on the environmental and 
technical system, as well as socioeconomic data and aggregated information, for example 
on flood risks. These four sub-scales are interrelated and interact with the water management 
scale by deriving potential capacity development (CD) measures. 
It has been recognized in several studies (e.g. Speed et al. 2013) that the complexity of pro-
posed water management approaches is often too demanding for the available capacities. 
Therefore, the scale of capacity analysis and assessment has to interact with the scale of model-based 
systems analysis. 
8.4.4 Detailed description of the model-based and capacity-based IWRM frame-
work 
It appears essential to balance technical management with available and developable capaci-
ties. Consequently, we propose a boundary object that consists of a management framework 
with model-based systems analysis, capacity analysis and a political process for capacity 
development and social learning (see Figure 28). This strongly corresponds to Mollinga’s 
approach (Mollinga 2008, 2010) that suggests converging the three ‘routes’ into one 
boundary object. As a structuring element the so-called S/P/C matrix is introduced to con-
front Pressures and Coordination gaps on a Subsystem basis making results transparent 
and explicit. 
8.4.4.1 Systems analysis 
Systems analysis consists of a conjoint systems and capacity analysis (see Figure 28). It starts 
with the screening, in which system scope, drivers, potential pressures and coordination 
gaps are compiled, giving first insights into impacts for delineating the objectives (step 1 in 
Figure 28). The developed method can be used for all levels, for example at the local level for 
the optimization of the urban wastewater management of a particular city (see Example 1), 
as well as for other levels such as the regional level, for example for a river basin management 
with manifold problems (see Example 2) and also for cross-level analysis.  
Gradually developed results from the systems analysis of the environmental and technical 
system are used for governance and capacity analysis and vice versa. To obtain operational 
solutions, it is important to integrate the stakeholders’ knowledge as well as the governance 
context during the initial step. Thus, a capacity analysis starts with the identification of ex-
isting information and capacities for the particular problem to be tackled. Concrete inquir-
ies for required information from relevant authorities can be addressed, which are then 
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used for the further identification of pressures and subsequent rehabilitation measures. To 
handle the complexity, we differentiate potential coordination gaps (Cm) within subsystems 
(Sn). Coordination gaps and the scope of subsystems vary according to the identified im-
pacts and study objectives (see Table 19). The conjoint systems analysis thus leads to the 
holistic identification of the current status of the water management, technically and capac-
ity-wise. This relationship can qualitatively be expressed as follows: 
                           
 
 
                    
 
 
                         
 
 
 
 
 
where Wlocal is the local water management level, P represents pressures and C represents 
coordination gaps. River sections and actors represent the subsystems (S1…Sn). 
8.4.4.2 Deficit analysis 
The second step comprises an in-depth analysis of deficits that constrain efficient water 
management. Deficits are defined according to the state-of-the-art in sustainable water re-
sources management as well as according to national legislation and international conven-
tions. Driving factors (‘pressures’) leading to ecological and technical deficits (i.e. aspects of 
public life which may have an impact on the environment) are differentiated. At the same 
time, institutional deficits are assessed including financing and funding, as well as organiza-
tional and individual gaps. Thus it is necessary to know the desired future state of the water 
management which has to be elaborated together with relevant stakeholders. The compari-
son of required and available capacities and information leads then to clear description of 
capacity and information gaps (deficits). 
8.4.4.3 Comparative assessment 
Comparative assessment provides a qualitative synthesis of relevant deficits to see how the 
single pressures and gaps interact and contribute to the corresponding deficits. Within a 
comparative analysis of S/P/C matrix, a first evaluation of the relevance of each single 
pressure and gap on the complete system is carried out qualitatively (interaction across the 
boundaries of scales). Comparing both matrices shows which levels and which subsystems 
are involved. The national subsystem within the S/C matrix may interact, for example via 
water legislation, with the local subsystems of the S/P matrix—this comparison exhibits 
cross-level and cross-scale interactions. 
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Figure 28: Model-based and capacity-based IWRM framework 
Ultimately, all relevant pressures and gaps in relevant subsystems at corresponding levels 
are brought into context, and integrated management strategies (technical rehabilitation and 
CD measures) may qualitatively be identified. 
8.4.4.4 Quantitative analysis of management options 
The effect of the identified management strategies on different system (state) variables is 
quantified. Methods used for effect quantification need to be selected according to the 
availability of required data as well as the capacity of users. Single management options, i.e. 
technical rehabilitation measures should correspond to capacity development measures 
possibly differentiated on the governance, organizational and human resources sub-scale. 
This reveals whether the available information and capacities are: 
(i) already sufficient, (ii) to be developed in a short term, (iii) in a medium term, (iv) in a 
long term, or (v) if no capacity development is feasible. 
8.4.4.5 Multi-objective evaluation 
Within this final step, potential management options are integratively evaluated according 
to their technical, ecological, economic and institutional efficiency—the overall feasibility 
of implementation is assessed. Different temporal horizons of implementing rehabilitation 
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and CD measures and the corresponding availability of information are harmonized to-
wards a sound integrated implementation strategy. The time and effort required to imple-
ment CD measures at an institutional level may often exceed the period of realizing a tech-
nical rehabilitation measure. Hence it needs to be made transparent to decision makers how 
long the development of capacities and implementation of rehabilitation measures will take 
and how they may influence each other. It may be necessary that CD measures have to be 
executed prior the actual rehabilitation measure, for example developing organizational 
capacities which are indispensable for technical implementation. Ultimately this process 
leads to a prioritization of management options for different planning horizons (short-, 
medium-, long-term) addressing the objectives of different stakeholders in an adequate 
manner. 
8.4.4.6 Knowledge exchange and capacity development 
To increase awareness regarding the complexity of water resources management among 
decision makers, a participatory approach is applied so that technical understanding and 
social learning increases. This corresponds to the participatory route of the boundary object. 
Hence, the overall development is accompanied through continuous knowledge exchange 
and capacity development with the relevant actors, for example through political negotia-
tions that support all the above-mentioned phases. 
8.5 Application in Western Ukraine 
Within the International Water Research Alliance Saxony (IWAS), the foremost research 
question was how to effectively support the implementation of IWRM through an ade-
quate rehabilitation of environmental and technical systems along with corresponding ca-
pacity development to address pressing water resources problems in different regions 
worldwide (Kalbus et al.  2012). The conjoint consideration of technical and socioeco-
nomic issues was particularly paid attention to in the IWAS model region in Eastern 
Europe, the Western Bug river basin (WBRB) in Ukraine. 
Based on the approaches from Leidel et al. ( 2012) and Blumensaat et al. ( 2013) we apply a 
boundary object combining the three routes so that the analysis of pressure and coordination 
gaps goes along with reducing them by delineating management options and improving the 
science-policy-interface through CD and policy advice. We exemplify it at local and re-
gional levels, and for both cases we discuss their dependence on available information and 
capacities from the local, regional and national level perspective. 
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8.5.1 Example 1: Wastewater management in the city of Lviv 
8.5.1.1 Systems analysis 
A model-based systems analysis was conducted for the WBRB including model coupling 
(Ertel et al. 2012; Blumensaat et al. 2012; Schanze et al. 2012). It pinpoints the desolate 
surface water quality issue in the reaches of the Upper Western Bug basin due to inefficient 
wastewater treatment. Wastewater discharges from the city of L’viv appear to be the most 
significant pollution sources for the river Poltva, the main tributary of the Upper Western 
Bug. In an initial step, mass balance models were used, while field studies provided addi-
tional data to narrow down the information gaps. Simultaneously, the technical expertise of 
the water service providers is evaluated through questionnaires and interviews. The analy-
ses reveal considerable pollution through 
(i) continuous emissions due to discharge of poorly treated WWTP effluent, and  
(ii) highly dynamic emissions due to combined sewer overflow during rainy weather.  
This results in environmentally critical pollutant concentrations of varying dynamics (in-
creased pollution levels, concentration peaks) in the rivers Poltva and Western Bug. Obvi-
ous pressures that were identified are compiled in the S/P matrix (Table 18). Considering 
the weak legal situation on the other hand, regulatory shortages become obvious: while no 
WWTP effluent standard regarding phosphorous is defined, the national NH4-N WWTP 
effluent standard is extremely strict. Further coordination gaps within subsystems on local, 
regional and national level (national politics, authorities at various levels, water service pro-
viders, water associations, and science) were analysed through capacity and governance 
analyses, accomplished through questionnaires and expert interviews (Leidel et al. 2012; 
Hagemann and Leidel 2014; Hagemann et al. 2014a, b; Sigel et al. 2014), assessment work-
shops (Blumensaat 2010) and negotiations (Leidel et al. 2012). They reveal a weak institu-
tional framework, insufficient cooperation between authorities, inconsistent data basis and 
information management and an inadequate monitoring. The state (Oblast80) authorities are 
at their limits concerning budget and staff (Hagemann et al.  2014a). 
8.5.1.2 Deficit analysis 
An in-depth analysis of the urban wastewater system (WWTPs and the sewer system) in 
L’viv reveal manifold deficits: (i) a significant overload of and the absence of loading con-
trol regimes for treatment facilities, (ii) out-dated, energy-intensive and deteriorated treat-
                                        
80 The first level of Ukraine’s administrative division is called oblast (state). 
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ment technology and infrastructure, and (iii) inadequate storm water treatment, i.e. man-
agement strategy. Ecological deficits are abundant: nearly oxygen-free conditions (long-
term mean concentration in 2009–2010: 1.1 mg L-1) and increased nutrient concentrations 
(NH4-N: 6.0 mg L-1, PO4-P: 1.1 mg L-1) in the river Poltva. By comparing existing/ re-
quired information and capacities, gaps are identified and made explicit in the S/C matrix  
 (Table 19). Main capacity deficits are: the weak institutional framework, no cost-covering 
tariffs (an Ukrainian-wide analysis show that in average only 85 % of the cost for operating 
municipal WWTP is covered81), little networking between wastewater operators 
(neighbourhood assistance), little vocational training, outdated and yet to be revised water 
quality standards based on former Soviet legislation (dating back to 1973 and 1982). De-
spite the fact that the Ukraine aims to implement RBM and first steps are being made to-
wards reforming legal basis for standards (Hagemann and Leidel 2014), Ukrainian envi-
ronmental standards are still incompatible with European directives. 
                                        
81 http://krogerc.info/ua/tarifs/bycapital/sink.html (in Ukrainian; accessed 29/10/2014). 
Subsystem/ Pressure Local Regional 
Poltva Upper Western Bug 
River 
Western 
Bug River 
Emissions due to continuous 
discharge of poorly treated 
treatment plant effluent  
High Low Moderate 
Emissions due to combined 
sewer overflow during rain 
weather 
High Low n.a. 
Discharge of untreated in-
dustry wastewater to mu-
nicipal transport and treat-
ment units 
High Moderate Moderate 
Increased diffuse nutrient 
emissions due to agriculture 
Low Moderate Moderate 
Particle-bound heavy metal 
loads in river sediments due 
to historical pollution 
through sludge disposal 
High Low Moderate 
Hydromorpological con-
straints  
Moderate Low Moderate 
Table 18: Results of model-based systems analysis compiled in S/P matrix 
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Ukraine’s existing system of emission standards is rather ambitious, covering hundreds of 
pollutants and mandating very low concentrations of contaminants (e.g. NH4-N, heavy 
metals), making it very difficult for WWTP operators to comply with. On the other hand, 
Ukrainian water quality standards are for a number of parameters less strict (e.g. nitrate or 
phosphate), see Ertel et al. (2012). The standardized set of Ukrainian emission and immis-
sion standards is however inconsistent regarding an environmental assessment that identi-
fies the actual impacts of the pollutants on water bodies. The corresponding ecological 
status of water bodies remains additionally ambiguous, because biological and hydro-
morphological indicators are not a legal requirement (Scheifhacken et al.  2012). The water 
service providers responsible for water supply and sanitation as well as their sector associa-
tion ‘‘Ukrvodokanalekologia’’ have little influence on the development of a water sector 
strategy, water sector state regulation, technical and environmental standards as well as 
tarification and corresponding revenues. The analysis of the national level showed that all 
effective and necessary sector strategies and programmes consist of long-term actions with 
significant costs, whereas these proposals are usually not approved by the Ministry of Fi-
nance. 
8.5.1.3 Comparative assessment 
All technical, ecological, governance and capacity deficits of the relevant subsystems are 
synthesized. That means that at a local level the deficits from the wastewater system of 
L’viv causing pressures on the Poltva and Upper Western Bug River are brought into con-
text with the capacity and information deficits at local, regional and national levels. 
Full compliance with effluent standards regarding nitrogen according to Ukrainian envi-
ronmental legislation can only be reached with fully functioning nitrification–denitrification 
treatment. On the other hand the analysis shows that sanctions for exceeding effluent stan-
dards are not differentiated according to their environmental relevance. This can be exem-
plified for nitrogen emissions: the discharge of NH4-N loads (increased environmental 
relevance) into the receiving water would ultimately lead to the same sanction as the dis-
charge of the same load of NO3-N (moderate environmental relevance). Eventually, vague 
negotiations between environmental authority and wastewater operator are the usual prac-
tice to arrange the final effluent requirements—the only rational option to avoid a ‘blunder’ 
in the inspection-treatment practice. Financial incentive mechanisms to encourage invest-
ments into more efficient treatment technology, such as reduced penalties, are presently 
irrelevant. In addition, the municipal utility companies operating WWTPs pay the envi-
241 Supporting decisions in water management by exploring 
information and capacity gaps: experiences from an IWRM 
study in the Western Bug River Basin, Ukraine 
 
 
ronmental taxes (levy) for the discharge of treated and untreated wastewaters in natural 
bodies, since the polluter-pays-principle is integrated in Ukrainian legislation and WWTPs 
are considered as environmental protection enterprises that have to pay the same taxes as 
other industrial companies. Yet, such taxes are considerable and in order not to increase 
the wastewater fee for the public, the local authorities reduce the amount of taxes for mu-
nicipal WWTPs. The missing amount is normally absorbed by the local environmental 
budget. The dilemma is that, in most cases, the environmental budget is not used to de-
velop the treatment plants but is collected to the budget itself. Thus, water tariffs and 
wastewater fees are fixed by the local municipal authority and do not reflecting the eco-
nomic value of the treated water. In particular, industrial dischargers are not charged ade-
quately. Consequently, the incentive, i.e. the motivation to invest in improved wastewater 
treatment, is reduced to a minimum; no mitigation of ecological deficits is reached. For the 
urban wastewater system of L’viv this means: sustainable management strategies are only 
possible if the pressingly required rehabilitation measures are jointly implemented with 
appropriate capacity development measures and an accompanying political discussion 
about a revision of current tariff principles, a serious implementation of the polluter-pays-
principle, a revision of WWTP effluent standards and general environmental compliance. 
8.5.1.4 Quantitative analysis of management options 
Effects of discussed rehabilitation measures have been quantified using a process-based 
numerical model that describes the urban wastewater management of L’viv, comprising the 
urban drainage system and the two municipal WWTPs. Results clearly show that treatment 
efficiency, i.e. carbon removal and nitrification, could already be improved without treat-
ment capacity extension but by intensifying and optimizing the aeration process including a 
simultaneous pre-treatment of industrial wastewater. Modelling results further show that an 
integrated pollution load control concept that harmonizes treatment plant loading and 
storm water conveyance would significantly reduce the total emissions released into the 
river Poltva.  
Identified capacity development measures included revision of environmental legislation to 
better reflect the current situation. It has to be acknowledged at the national level that a dif-
ferentiated levy system for effluent standards needs to be legally enforced. Above that, 
emission standards must be carefully revised in relation to the best available technology, 
toxicological and environmental studies, and changes in the consumption market. The 
command and control approach has to be supported by a management oriented approach 
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that takes local conditions and interests into account, which will gradually improve water 
quality by setting up an agreed schedule for emission reduction. 
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Table 19: S/C matrix for case study in the Western Bug River basin (Ukrainian part) 
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Equally important is an intransigent and persistent process to enforce the polluter-pays-
principle so that ultimately tariffs fully reflect the costs for refinancing wastewater infra-
structure. To support this approach it is important to strengthen the sector association 
‘‘Ukrvodokanalekologia’’ and to pool competencies at the appropriate levels. In addition, 
reforms to amend Ukrainian environmental and water quality standards requires political 
will, but also financial resources and capacity development of state authorities (Hagemann 
et al.  2014a). 
8.5.1.5 Multi-objective evaluation 
Two round-table discussions between involved stakeholders (city council of L’viv including 
the mayor, environmental authority, wastewater operator ‘LvivVodokanal’) have been ex-
erted to evaluate results of the analysis regarding the different interests of the stakeholders. 
Different management options have been evaluated according to their technical, ecological, 
social and economic efficiency. In a first step this led to a public commitment of the city 
council to make the modernization of the municipal wastewater treatment a top-level prior-
ity. However, the acquisition of funding to finance prioritized measures is still difficult, also 
due to the confusion regarding previous international funding initiatives and the corre-
sponding historic burden impeding new initiatives. 
8.5.1.6 Process for knowledge exchange and capacity development 
Central within the capacity development process is the establishment of a national working 
group between the Ministry of Regional Development, Construction, Housing and Com-
munal Services of Ukraine, the National Com-mission for the regulation of communal ser-
vices, the sector association ‘‘Ukrvodokanalekologia’’ and IWAS. It helped to start a dia-
logue and thus to discuss results, especially on cost and tariff regulations as well as on stan-
dards and standard settings. In addition, several working groups were created within 
‘‘Ukrvodokanalekologia’’ dedicated to technical issues of sanitation and environmental 
standards as well as economic questions such as cost and tariff calculation. This strength-
ens the association so that its role is enhanced in the national water sector reform process. 
8.5.2 Example 2: nitrogen loading in Western Bug River 
Model-based systems analysis (1) and deficit analysis (2) have shown that the nutrient load 
in the Western Bug River is moderate to high (Ertel et al. 2012), while hydromorphological 
conditions vary between unmodified, i.e. natural to heavily modified river sections (Scheif-
hacken et al.  2012; see S/P matrix, Table 18). Mass balance modelling revealed that the 
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vast majority of the nitrogen pollution stems from the L’viv wastewater system (NH4-N) 
and from agriculture and groundwater (NO3-N) (Helm et al. 2012). Furthermore, climate 
and land use changes have to be taken into account (Roth et al. 2008; Pavlik et al. 2012; 
Schanze et al. 2012). The capacity analysis has shown that there is a lack of consistent and 
reliable data due to methodological differences between monitoring authorities (e.g. differ-
ent monitoring protocols) as well as other restrictions (e.g. low amount of monitoring sites, 
low monitoring intervals, finances). Thus, data are missing or are inconsistent. Information 
asymmetries occur predominantly between authorities at a regional level, as well as between 
ministries at the national level and between state actors and the public. A river basin man-
agement plan for reducing the deficits has to be developed and implemented according to 
Ukrainian water law. However, the responsible Western Bug Basin Department of Water 
Resources has not put it in operation so far, which can be ascribed, at least partially, to the 
above mentioned deficits. 
The quantitative analysis of management options revealed that rehabilitation measures need to 
include the improvement of rural sanitation in the Western Bug River Basin, for example 
by installing decentralized wastewater treatment facilities. Measures should also improve 
the scientific basis of monitoring, for example inter-calibration of different measuring 
methods and improving research.82 A coordination approach based on the existing admin-
istrative structures and capacities as well as the assignment of competencies and funding 
will be a reasonable way for-ward for Ukrainian water management. For setting up realistic 
river basin management planning the following prerequisites remain indispensable: 
– political will and a clear legal basis at the national level,  
– an enhanced collaboration of the ministries’ branches at oblast level and oblast authorities 
is essential. A first important step concerns the cooperation and coordination of the ad-
ministrations for water and the environment. Only then should cross-sector cooperation 
between authorities be started (e.g. integrating the agricultural sector). One recommenda-
tion is to renew the formal agreements between the state actors within the Western Bug 
River Basin. The agreements should also integrate the coordination of monitoring pro-
grammes, as well as an agreement on how the data exchange is executed in detail.  
– an enforcement instrument is essential, so that state actors can be forced to cooperate, for 
example in terms of data delivery.  
                                        
82 This is completely in accordance with the Ukrainian action plan for water management until 2020. 
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– negotiations on a strategy for (i) data management and structure, (ii) data/information 
exchange between authorities, (iii) data provision for other actors, and (iv) reporting re-
quirements. A good starting point is to facilitate sharing information and thus reduce in-
formation asymmetry, for example by setting up an information platform. In this respect, a 
web service is being developed by the IWAS research team. The question arises, of whether 
that information can be combined and integrated with Ukrainian data. A jointly developed 
platform could support stakeholder processes, at least from the point of knowledge. Such a 
platform should ideally be placed in the WBRB Department, since they already collect data 
and information from other authorities.  
8.5.2.1 Process for knowledge exchange and capacity development 
Strong commitment from the national stakeholders is needed for reducing pressures at the 
regional level. Therefore, a working group with members of the Ministry of Ecology and 
Natural Resources of Ukraine, the State Agency for Water Resources and the IWAS project 
was founded to improve river basin management. One of the goals was to develop and 
carry out the above mentioned strategies for information management, including the re-
establishment of the meetings of the Western Bug River basin council. In 2012, 6 years 
after the last meeting, the council convened. Such coordination meetings on a regular basis 
are important for knowledge exchange and for creating a spirit of cooperation and mutual 
confidence between the members, for example by acting jointly and reaching goals to-
gether. Apart from that, the political negotiations revealed that cooperation with foreign 
authorities is an important success factor. For example, the twinning-instrument, i.e. the 
cooperation of authorities from EU member countries and neighbouring countries, is a 
proven institution-building instrument (Bartels and Rach 2009), so that ambitious efforts of 
the Ministry of Ecology and Natural Resources of Ukraine towards such cooperation are 
currently underway. 
8.5.2.2 Integration of case studies 
We used two case studies at different levels of water management in order to demonstrate 
the interrelation between all levels. 
Based on the management strategies, the combined rehabilitation measures and capacity 
development measures from the two case studies are shown in relation to water manage-
ment in Ukraine (Figure 29). An important next step could be to combine all efforts, for 
example to set up a centre of water competence in Ukraine with a tailor-made knowledge 
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platform integrating existing management strategies and including prospective measures. 
 
Figure 29: Rehabilitation measures and capacity development measures for IWAS Ukraine 
It assures the long term availability of knowledge and its improvement and exchange, facili-
tating cooperation, and foster social learning. Because actors in Ukraine are exchanged fre-
quently, particularly within ministries and authorities, such a centre could decrease the 
knowledge that is lost.  
8.6 Discussion 
Within the model and capacity based IWRM framework, natural, technical and socioeco-
nomic threads and available capacities are assessed and interrelated by means of combining 
the S/P and the S/C matrix. The resulting management options are derived by a cross-scale 
analysis, i.e. the current situation is reflected from a scientific as well as from an institu-
tional point of view. 
Yet, potential divergence of temporal implementation horizons of different management 
options need to be explicitly addressed to enable an adequate functioning of the overall 
management strategy, i.e. to avoid institutional fragmentation and a loss of trust. The 
ranked list of management options forms the basis of informed decisions. Yet, the respon-
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sibility for the decision of which strategy is implemented, which reflects common sense, is 
left to the user. 
The already noticeable impact of global changes on hydrological and urban water cycles 
clearly shows that existing institutions need additional capacities to adapt to emerging tasks. 
A critical issue in this regard is the willingness and capacity of actors to act across their scale. 
One way of increasing this willingness is to apply methods that support self-assessments 
(Pearson 2011). This can be achieved, for instance, by integrating stakeholders in model-
based systems analysis at an early stage. The big challenge for stakeholders here is to de-
velop adequate understanding of partially complex issues, such as model concepts, within 
short periods of time. Translating technically complex interactions into clear and transpar-
ent concepts is most essential as it enables relevant actors to generate knowledge and un-
derstanding on their own. 
The case study research in the Upper Western Bug River catchment must be conceived as 
an initiating impulse to support the shift from external assistance towards a locally driven 
initiative enabling actors to achieve development objectives independently. In particular, 
the improved access to knowledge is a vital prerequisite to gradually develop required ca-
pacities, i.e. to make complete self-assessments possible. Further coordination gaps are 
addressed by our approach only implicitly. Still, the presented approach provides the flexi-
bility to integrate missing gaps in the future to cover other possible deficiencies. 
The approach of introducing boundary objects is a feasible way of tackling scale challenges and 
can support or substitute the rescaling of management activities, for example the transfer of 
competencies by establishing river basin management authorities. This is particularly rele-
vant as Roggero and Fritsch (2010) show that rescaling can increase governance costs, so 
that utilizing boundary objects instead may turn out to be more efficient. To find a clear and 
solid conclusion, the issue of quantifying governance costs of boundary objects should be 
further addressed in future research. Considering the fact that a river basin council and 
administrations have already been installed in Ukraine, the coordination of activities within 
the catchment should be accomplished by these institutions. Instead of repeatedly setting 
up new administrative structures, the proposed boundary object should be applied by the river 
basin administration for supporting collaboration within the WBRB. Implementation is a 
long-term activity and can be supported by methodological inherent policy advise, a top-
down approach establishing the necessary governance structures as well as support from 
foreign authorities as for instance by twinning activities. 
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IWAS project work in various model regions across the world, namely Southeast Asia 
(Vietnam), the Middle East (Oman) and Latin America (Brazil) underline that pressures 
and capacity gaps are interdependent and similarly exist worldwide. The studies reveal that 
there is a need for synchronizing systems analysis and capacity assessments (Leidel et al.  
2014). A workshop discussion on capacity analysis within the scope of the IWAS project 
has shown that it is necessary to integrate all relevant levels of water management into the 
assessment. A prerequisite for successfully implementation of our approach is however that 
an adequate legal basis with compliance and enforcement for implementing sustainable wa-
ter management is available. For any region, the approach needs to be adapted to the pre-
vailing (political) circumstances. Our approach of combining S/P and S/C matrices ad-
dresses this requirement within the Ukrainian case study, showing the capability of con-
ducting full-fledged analysis on the one hand and a reduced analysis on the other hand. Yet, 
further research has to be carried out to see whether this is also evident in other case stud-
ies. Moreover, research has to be conducted to see whether our approach can be integrated 
into the on-going discussions on the nexus of water, energy and food security (e.g. Hoff 
2011) by improving the coherence between these sectors. 
Above all, our self-conception is merely to initiate the transition towards improving water 
management, since this process actually should be endogenous (cf. Ubels et al.  2010). The 
presented approach supports the shift to a more endogenous process by knowledge ex-
change and joint development of management options. Yet, in Ukraine the external actors 
are at least in the medium-term required to continue initiating and facilitating this devel-
opment. 
8.7  Conclusions 
The approach shows the advantages of combining model-based systems analysis and ca-
pacity analysis within a boundary object for sustainable water management. It could be shown 
that integrating all three strategies is reasonable and supports the development process by 
delivering management options that are scientifically credible and also accepted by and 
relevant for the actors. The Ukrainian case study revealed that: 
– intervention measures for the urban wastewater system are urgently required also to with-
stand future challenges (climate and demographic change, emerging pollutants),  
–  external funding is necessary,  
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– a holistic and integrated consideration of water management (sewer, WWTP, water qual-
ity) is essential. 
These technical issues have to be jointly implemented with appropriate capacity develop-
ment measures and an accompanying political discussion on: 
–strengthening the institutional framework including transdisciplinary and inter-ministerial 
collaboration on all levels,  
–setting up prerequisites for realistic river basin management planning (Monitoring, infor-
mation management, legal enforcement),  
–a revision of effluent standards and a differentiated levy system,  
–cost covering tariffs,  
– association work.  
This clearly shows that IWRM is a highly political process. Our approach cannot cover all 
obstacles of political dimension (e.g. hidden agendas, vested interests). Yet, it supports the 
political process by delineating management options in a transparent way. 
Political changes and the exchange of expert staff have severe impacts on the implementa-
tion. This can be attenuated by setting up information systems, knowledge exchange plat-
forms or establishing water competence centres. 
Encouraging the participating actors is an essential to support the transition process as the 
Ukrainian case study revealed. Therefore, it is important to verify the feasibility of the 
measures and to develop a follow-up process at an early stage. It needs to be assured that 
the proposed method is transferred from research to follow-up activities, for example long-
term implementation projects within the development cooperation or projects that focus 
on administrative collaboration. 
There are no panaceas in water resources management (cf. Meinzen-Dick 2007; Pahl-Wostl 
2008). Yet, exploring and reducing information and capacity gaps is essential for water sec-
tor evolution worldwide, so that the presented approach has the potential to be adapted 
and applied. 
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9 Supporting water resources management through education 
Throughout this thesis it has been underscored that capacity development is needed for 
supporting water resources management. In the following, two examples are demonstrated 
that show how contemporary capacity development for the individual level, i.e. through 
education and training activities, can be conducted. First of all, one possibility of e-learning 
for improving knowhow on IWRM in general is shown, which should complement tradi-
tional teaching activities, for example academic education and training activities (Study 
courses and study programmes at universities, training facilities for water and environ-
mental authorities). E-learning should not substitute classroom teaching activities like lec-
tures and seminars but should in the best case be applied in a blended learning environ-
ment, i.e. a combination of e-learning and classroom teaching. Therefore, we developed 
also a classroom teaching module on IWRM, which was implemented at a Ukrainian uni-
versity, which is a key university in terms of water resources related academic education. 
9.1 IWRM education: e-learning module on Integrated Water Resources Manage-
ment 
The following sub-chapter is a citation of the original published manuscript: 
Leidel M, Niemann S, Saliha AH, Cullmann J, Seidel N, Borchardt D, Krebs P, Bernhofer 
C (2013) IWRM- Education: E-Learning Module on Integrated Water Resources Manage-
ment. Environ Earth Sci. doi 10.1007/s12665-012-2059-3 
9.1.1 Introduction 
Integrated  Water  Resources  Management  (IWRM)  has been  generally  accepted  as  the  
leading  concept  for  a holistic management of water resources that is shaped by balancing 
the different interests of water users in due consideration of the principle of sustainability. 
It constitutes the basis for the transition from sectoral water management towards an inte-
grated approach incorporating all necessary issues. Consequently, IWRM can be considered 
as a societal task that steers the dynamic and diverse interdependencies between the bio-
physical processes of the water balance and human activities. Among other things, IWRM 
deals therefore, with various aspects of society like urban and rural planning, vulnerability 
towards hydrological extremes or the development of technologies for the utilization of 
water. Hence, natural and engineering scientific factors play the same important role as 
socioeconomic ones. It has to be acknowledged that IWRM is a conceptual framework that 
still has to be adapted to the societal and natural requirements of the region concerned 
(Leidel et al. 2012). 
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Nevertheless, the concept of IWRM is often criticized because of its vagueness and the 
challenges while implementing it (i.a. Biswas 2004). One of the key challenges is the lack of 
capacity, meaning that competencies and knowledge are not sufficient to implement such a 
complex task as IWRM. Therefore, a prerequisite for sustainable development in water 
resources management is harmonising processes of IWRM and capacity development (Lei-
del et al. 2012). 
Capacity development (CD) can be understood as the ‘‘process through which individuals, 
organizations and societies obtain, strengthen and maintain the capabilities to set and 
achieve their own development objectives over time’’ (UN Development Programm Ca-
pacity Development Group 2008). Thereby, it is often distinguished between different lev-
els of CD measures, namely between the individual level (education and training), the insti-
tutional level (development of institutions) and the enabling environment, i.e., the im-
provement of the societal and political system (cf. van Hofwegen 2004; Alaerts 2009). 
Within this triad, we’ll examine the individual level, often referred to as the basis for capac-
ity development, and focus on education and training through an electronic learning mod-
ule on IWRM. 
This is well in accordance with the United Nations Decade of Education for Sustainable 
Development (DESD 2005–2014) that demands an appropriate education in the field of 
hydro sciences in order to approach IWRM. 
9.1.2 Development, concept and content of the e-learning module on IWRM 
One way to support the worldwide implementation of IWRM is to improve respective 
education. This is why IWAS (Kalbus et al. 2012) and the German IHP/HWRP Secretariat 
have jointly developed an e-learning module on IWRM that is supposed to complement 
classical learning options at universities as well as at vocational training facilities. This e-
learning module on IWRM is one possibility to emphasize the linkages between natural, 
social, and engineering sciences in water management and to facilitate the implementation 
of IWRM (http://www.iwrm-education.de). 
According to the state of the art in IWRM, most relevant topics have been chosen to fit in 
a comprehensive representation of current water issues (Table 20). Academics from various 
universities and research institutions, as well as practitioners have been selected in order to 
videotape their lecture. 
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To facilitate access to the e-learning module, a thematic introduction to IWRM and a user 
guide showing the functionalities of the module are provided. It is possible to access and 
navigate through the electronically available lectures via keywords, text search function and 
categories (thematic areas). Furthermore, all lectures within such a thematic area are sorted 
in a didactical order, beginning with basic lectures and becoming gradually more advanced. 
To account for the complexity of IWRM, the current 39 lectures are structured in several 
thematic areas. Those thematic areas assure a coherent and intuitive access to the field of 
IWRM (Figure 30). 
Table 20: Current topics covered in the IWRM e-learning module 
Lecturer Topic 
Adane Abebe Copula modelling of hydrological drought using proxy data 
Juliane Albrecht Water law 
Seleshi B. Awulachew Soil erosion and sediment transport 
Tenalem Ayenew Occurrence of groundwater, characterization of aquifers; groundwater flow modelling 
Klaus-Dieter Balke Surface water and ground water relations; water balance 
Thomas U. Berendonk Freshwater biology and quality—an introduction and case study 
Christian Bernhofer Impacts of climate change on IWRM 
Anik Bhaduri Political altruism of water sharing; climate change and cooperation in transboundary water sharing 
Janos Bogardi Vulnerability: a new concept in IWRM 
Dietrich Borchardt Introduction to Integrated Water Resources Management; EU Water Framework Directive 
Johannes Cullmann Introduction to hydrological extremes 
Andriy Demydenko Implementation of IWRM in post-soviet countries 
Ines Dombrowsky Economic analysis of transboundary cooperation problems 
Olivier Graefe, U. Meyer Gender issues in Integrated Water Resource Management 
Walter Huppert Water governance 
Asie Kemal Jabir Groundwater contamination 
Peter Krebs Urban water management 
Paul Lehmann The economics of water pricing 
Marco Leidel, S. Niemann Capacity development in Integrated Water Resources Management 
Franz Lennartz Fundamentals of hydrology 
Stefan Liehr, J. Röhrig Modelling and instruments for decision support 
Philipp Magiera Implementing the IWRM principles in development cooperation 
Ursula Mayer, O. Graefe Gender issues in Integrated Water Resource Management 
Timothy Moss Institutionalising river basin management: challenges of space, sector and scale 
Roland Müller Decentralised wastewater treatment systems 
Jan-Peter Mund GIS and hydrology 
Jens Newig Participation 
Steffen Niemann, M. Leidel Capacity development in Integrated Water Resources Management 
Manfred Ostrowski Adaptive sustainable management of reservoir systems 
Georg Petersen Soil and water conservation practices; flood protection measures 
Julia Röhrig, S. Liehr Modelling and instruments for decision support 
Alemayehu Habte Saliha Introduction to sediment management; hydrological modeling concepts and practice 
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Jochen Schanze Development of river basins; from complex systems to integrated management 
Waltina Scheumann Cooperation on transboundary aquifers/ground water 
Daniel Tsegai Interaction of economic and hydrologic models for optimal water allocation 
  
The thematic area ‘‘water and the physical environment’’ depicts primarily the natural sci-
ence aspects of the water-related man-environmental systems, thus the components and 
processes within the hydrologic cycle and resulting management options. It includes differ-
ent methods to quantify water balance, soil erosion, sediment and contaminant transport. 
Issues are covered that are related to groundwater quantity and quality, surface water qual-
ity, climate change and hydrological extremes. 
 
Figure 30: Thematic areas of the e-learning module on IWRM 
The next thematic area deals with tools for understanding the natural and societal systems 
that facilitate decision-making processes. A wide range of tools and methods are shown, 
e.g. modelling, model coupling, geographic information systems (GIS) and consequently 
their usage within decision-support-systems (DSS). The cluster further addresses issues 
related to vulnerability and uncertainty in decision making, e.g. showing tools like scenario 
planning. 
Another subject area comprises the important aspects of water governance. Issues of gov-
ernance reveal to be of utmost importance for sustainable water resources management. 
Following an introduction into the topic of water governance, fundamentals in water law, 
gender issues, options for participation as well as prevailing spatial and sectoral challenges 
in river basin management get addressed. Particular emphasis is given to capacity develop-
ment. 
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Holistic water management needs also economic instruments. Hence, in this section, eco-
nomic instruments that regulate the water demand and their interaction with hydrologic 
models are explained and illustrated. Further- more, economic problems in multilateral 
cooperation on shared watercourses (transboundary water management) as well as the issue 
of water pricing are successively explained. 
The technological aspects that are important for IWRM are shown in the thematic area 
‘‘technical measures’’. It covers issues from urban water management (centralized and de-
centralized wastewater treatment), as well as the important issues of reservoir management.  
Furthermore, flood protection measures as an integral part of flood management are 
shown. 
Lastly, one thematic area deals with IWRM implementation and case studies, because the 
implementation of IWRM is still in its infancy. Case studies from different hydrologically 
sensitive regions of the world are shown in order to discuss challenges that often occur 
when one tries to practically implement IWRM. Topics include such important issues like 
transboundary water management as well as the implementation of IWRM in Europe and 
in the development cooperation. 
9.1.3 Linking topics ensures intuitive access to the integrated information 
Since IWRM is complex and as interdisciplinarity is often missing in water management, it 
is important to facilitate the access to the information in order to make it comprehensible 
for the users of the e-learning module. Therefore, the module interlinks lectures, i.e. the-
matic correlations are illustrated (e.g. climate change) and appear as linkages (hyperlinks) 
between the lectures, allowing the user to switch and navigate from one lecture to another 
one. The hyperlinks are temporally referenced and thus appear in a semantic manner, 
meaning that the linkage appears when the lecturer describes this issue. Those so called 
hypervideos (video stream with embedded hyperlinks) are helpful, since none of the lectur-
ers can cover all issues in IWRM. There will be always interfaces to other topics and those 
interfaces need to be identified and made available. The additional value of this e-learning 
concept is that the complexity of IWRM can be better conveyed to persons interested in 
this topic. Here again, the special hyperlink feature makes clearly visible the linkages be-
tween the different sciences (natural sciences, social sciences, engineering sciences) in water 
management. 
There are two interactive hyperlink types within the e-lectures. One type links to definitions 
or explanations in another lecture and has loop back functions, so that the user can go back 
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to the original content he was watching before. Figure 31 shows as an example the lecture 
by Dr. Moss dealing with institutionalizing river basin management. Here, a hyperlink pops 
up that links to another lecture that explicitly deals with the basics of river basin manage-
ment. In the referred content, the ever visible ‘‘return to’’ hyperlinks cue the user on their 
location within the lectures and aid navigation. The second type of hyperlinks serves to 
quickly navigate to the start of a complete lecture or a specific topic.  All links are inte-
grated in the timeline and identifiable by mouseover events. Links to related lectures are 
shown at the end of the hypervideos.  
 
Figure 31: Hyperlink with a loop-back function encircled in red 
9.1.4 Software development and dissemination 
The technical realization of this module has been facilitated by a player that is set up for 
interactive videos such as the collection of IWRM hypervideos. The authoring tasks com-
prise mainly the annotation of spatio-temporal hyper- links and the temporal arrangement 
of slides and further contents. Both components are designed and developed as web appli-
cations to enable system independent usage and maintenance. 
Target groups of the e-learning module are graduating students in water-related fields, deci-
sion-makers, water experts and administrative staff primarily in developing and transition 
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countries. The module is available in the World Wide Web (http://www.iwrm-
education.de) as well as on USB flash drives. 
9.1.5 Summary and outlook 
The e-learning module on IWRM is an attempt to pursue and follow the full complexity of 
IWRM by linking interactively different aspects of water management. In this respect, the 
module is a cutting edge approach in its presented contents as well as in its technical reali-
zation. 
Similarly to the process of IWRM, the development of this module is an adaptive and itera-
tive process, meaning that the development of this module has not been finished. Further 
lectures and hyperlinks will be integrated and existing lectures and hyperlinks will be sub-
ject to a continuous improvement process. A further planned step in this respect is the 
evaluation of the utilization of the lectures and hyperlinks within the module and the inte-
gration of further authoring components in the video content management system. 
In order to be in accordance with the contextuality of IWRM, context specific regional 
adaptations of this IWRM e-Learning module will be realized. 
9.1.6 References 
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9.2 Evaluation of IWRM education 
The e-learning module on IWRM was used on several occasions, e.g. two times for IWRM 
summerschools, for supporting learning within an IWRM course in Ukraine (chapter 9.3) 
as well as for supporting the IWRM module offered for the water related M.Sc. pro-
grammes at TU Dresden since 2012. In order to improve the e-learning module, there was 
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always an evaluation conducted with the participants whether the module was a good sup-
port for their learning success.  
9.2.1 Concept of the evaluation 
The most comprehensive evaluation was done during the IWRM module at TU Dresden in 
the summer term 2015. The concept for the evaluation was that the students should get 
acquainted with IWRM-education and then they should choose one lecture, which they 
have to study in-depth. After that, the participants will get an exam for testing their knowl-
edge. The final step was an evaluation of the e-learning module by the students. Therefore, 
a questionnaire was prepared with 16 overall questions and several subquestions that were 
grouped into (i) content, (ii) structure layout components, (iii) general issues (Questionnaire 
in the doctoral thesis database). The idea behind the concept is that it is assumed that the 
evaluation is more realistic, if the students have really studied at least one complete lecture 
within IWRM-education. And the test also checks whether the students understood the 
content of the lectures. The whole evaluation, including choosing of lectures and the ex-
aminations, were implemented within the learning management system of the TU Dresden 
named Opal. For assuring that not only one lecture was chosen by the students, it was ar-
ranged in Opal that a maximum of two students can choose the same lecture. Since this 
evaluation was on a voluntary basis, it was highlighted that the participation is a good 
preparation for the final exam of the whole IWRM course, but as additional incentive, it 
was offered that the best 10% of the test results will get a voucher (Amazon, 15€). Eventu-
ally, all students (28) took part in the evaluation, and 11 did the test (39%). Table 21 shows 
the chosen lectures and the results of the test. The results show that the majority of the 
students have understood the contents of the lectures, since only 2 out of 11 are below 
50% and 6 are above 75%. 
Chosen lectures Points reached Points max. Percentage 
Adaptive sustainable management of reservoir 
systems 10,0 10,0 100,0 
Flood protection measures 7,0 8,0 87,5 
Freshwater biology 7,0 9,0 77,8 
Freshwater biology 7,0 9,0 77,8 
Impacts of Climate Change on IWRM 4,5 9,0 50,0 
Surface and groundwater relations 8,5 10,0 85,0 
Surface and groundwater relations 4,5 10,0 45,0 
Urban Water Management      3,0 10,0 30,0 
Water governance 5,0 5,0 100,0 
Water Pricing 3,5 7,0 50,0 
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Water Pricing 5,0 7,0 71,4 
Table 21: Test results within the evaluation of IWRM-education 
9.2.2 Results of the evaluation 
The anonymized evaluation (questionnaire) was handed out during one of the lectures of 
the IWRM module. Table 22 shows that participants originate from several regions of the 
world, with the majority from Europe. Almost 90% of the students are below thirty years, 
so they belong to the generation of “digital natives” i.e. that on the one hand side they are 
capable of using ICT, but on the other hand also require a learning environment that uses 
more media than traditional teaching methods did.  
Region Percentage Age Percentage Gender Percentage 
      
Africa 4% 20-25 57% Female 39% 
Asia 14% 26-30 32% Male 57% 
Australia 0% 31-35 7% No answer 4% 
North America 4% 36-40 0% 
  
South America 11% >40 0% 
  
Europe 64% No answer 4% 
  
No answer 4% 
    
Table 22: General facts about participants 
In terms of content, it can be concluded that the participants consider the lectures and its 
structure as appropriate, and that the lecturers are competent enough to clarify complicated 
facts (Figure 32). 36% consider the statement that integration of practical tutorials/ training 
sessions e.g. on software like GIS or modeling software would have been helpful as com-
pletely correct and 21% as mainly correct. Moreover, a learning management system that 
transfers knowledge about river basin management in general (basics like in this e-learning 
module) as well as information and data on a concrete river basin as a case study for future 
water managers is considered as very important by 25%, and important by 61%. 
In terms of structure and layout, the participants appreciated the format and also the design 
was appealing for many (Figure 33). For 18 %, the navigation through the module is com-
pletely intuitive and self explaining and for additional 54% it is mainly intuitive. In overall, 
the hyperlinks are helpful for understanding was stated by 29 % (completely correct) and 
43 % (mainly correct). The hyperlinks with the loop-back function are particularly helpful 
was stated by 36% (completely), 39% (mainly) and 11% (partly). All hyperlinks should have 
a loop-back function was mentioned by 21% (completely), 21% (mainly) and 29% (partly). 
This implies that a potential technical improvement is to equip all hyperlinks with a loop-
back function. One part of the questionnaire was related to additional components that 
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improve the performance of the e-learning module and thus the learning (Table 23). Exer-
cises with solutions (93% completely and mainly) and self-assessments (86% completely 
and mainly) would be highly important. Downloading parts (75% completely and mainly) 
and the combination with a water information system (71% completely and mainly) are 
also appreciated. A Discussion forum is less important (61% completely and mainly), as 
well as establishing a wiki (57% completely and mainly). A version for the mobile phone is 
considered as unnecessary (28% completely and mainly). 
  
Figure 32: Selected evaluation results for the content 
completely correct 
mainly correct 
partly 
mainly incorrect 
completely incorrect 
Don't know 
No answer 
Not completed 
The content of the watched lectures is 
appropriate. 
completely correct 
mainly correct 
partly 
mainly incorrect 
completely incorrect 
Don't know 
No answer 
Not completed 
The lecturer is able to clarify complicated 
facts. 
  
Figure 33: Selected evaluation results for the structure 
completely correct 
mainly correct 
partly 
mainly incorrect 
completely incorrect 
Don't know 
No answer 
I like the format of the e-learning module, 
i.e. video lectures synchronized with 
presentations 
completely correct 
mainly correct 
partly 
mainly incorrect 
completely incorrect 
Don't know 
No answer 
The design of the module is appealing. 
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 Discussion 
Forum 
Download 
parts of the 
module 
Version for  
mobile phone 
Wiki Exercises 
with  
solutions 
Self- 
assessment 
Combining 
with Water  
Info. System 
completely 
correct 
11% 21% 14% 21% 64% 36% 32% 
mainly 
correct 
50% 54% 14% 36% 29% 50% 39% 
partly 21% 11% 18% 25% 4% 7% 14% 
mainly 
incorrect 
11% 11% 32% 0% 0% 4% 4% 
completely 
incorrect 
0% 0% 7% 0% 0% 0% 0% 
Don't 
know 
0% 0% 0% 0% 0% 0% 0% 
No answer 7% 4% 14% 18% 4% 4% 11% 
Table 23: Potential components for improvement 
In general, the participants liked this way of learning as additional information on IWRM 
(completely 25%, mainly 57%). Similarly, they will use this module to support their further 
academic activities (completely 18%, mainly 46%, partly 29%). In terms of overall grade for 
the e-learning module, 29% give a very good and 54% a good (Figure 34). 
 
Figure 34: Overall grade of IWRM-education 
The population (amount of all potential objects for analysing a certain question) of the e-
learning module is difficult to define, since it can be accessed worldwide in the internet 
without any registration. Accordingly, no random sampling is possible so that the sample 
was taken from the IWRM course at TU Dresden. Thus, it is questionable whether this 
evaluation is an average sample and consequently whether it is possible to do an induction, 
i.e. to reason from the sample to the population. On the other hand, the sample from TU 
Dresden represents quite well the target group of the e-learning module, namely postgradu-
1= very good 
2= good 
3= satisfactory 
4= sufficient 
5= fail 
No answer 
Not completed 
Overall grade of the e-learning module IWRM-education  
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ate students from water-related programmes and thus (future) water experts from several 
regions of the world. So, it can be concluded that results from this evaluation can be used 
and are valuable for improving IWRM-education. 
9.3 IWRM teaching module for Ukrainian Universities 
Even if IWRM is considered to be the basis for improving water resources management, 
the worldwide implementation and its scientific operationalization is still not very ad-
vanced. This holds also true for Ukraine as discussed in chapter 6.2.2 on the capacity as-
sessment for the academic education in the Ukrainian water sector. The education in the 
field of water sciences is largely focusing on natural sciences and engineering sciences, i.e. 
no interdisciplinary courses on IWRM are available at Ukrainian universities (Demydenko 
and Leidel 2010).  
Thus, IWRM and RBM need to be integrated in curricula of universities in Ukraine, so that 
future decision makers in the field of water resources management can be reached. Accord-
ingly, the IWAS project developed together with the NUWMNRU Rivne, PNU Lviv and 
IFNU L’viv a postgraduate module on IWRM. The first one was integrated because of the 
important role within the Ukrainian academic water education, and the latter two because 
of their local knowledge and their important role within the catchment of the Western Bug 
River. However, the course is developed in such a way that it can be adapted to other 
Ukrainian universities based on an assessment showing the existing IWRM capacities. 
9.3.1 Objectives and basic concept 
The IWRM module is addressing study courses in the field of hydro sciences and related 
academic fields like physical geography. The objective is to transfer the concept of IWRM 
and the correlations between the single subtasks of water management. The module fol-
lows an “Umbrella-concept”, i.e. it shows the full range of IWRM related topics and fo-
cuses on the horizontal relations of IWRM (Figure 35). Consequently single subjects can be 
taught in depth only to a certain extent. And the expertise within those single subjects is 
often already available at the participating universities. Besides the scientific aspects, also 
the practical implications for water management in the Ukraine are demonstrated.  
The basis for this module is the long-lasting experience of the Department of hydro-
sciences of the TU Dresden (TUD), as well as the e-learning module IWRM-education, 
which was jointly developed by IWAS and the German secretariat of UNESCO-IHP and 
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WMO-HWRP (chapter 9.1). The adaptation to the Ukrainian context was done in close 
collaboration with Ukrainian experts.  
Requirements for the participation were a sufficient natural scientific and engineering back-
ground for understanding the advanced contents of the module. Additionally, sufficient 
English skills for the communication with the instructors and for reading international lit-
erature are essential. 
9.3.2 Structure and content 
At the beginning, an introduction to IWRM is given and subsequently the individual 
lectures to the chosen topics are presented. The content of the lectures was selected and 
presented in such a way that the connections to the overarching IWRM topic can be 
conveyed to the participants, thus displaying an interdisciplinary teaching module. To 
complement the lectures, also tutorials were given for consolidation of knowledge and for 
learning of practical methods.  
Central contents of the module are the emergent overall tasks of IWRM, as well as essential 
subtasks. Emergent topics are especially (i) the legislative and institutional frame of 
management and other governance issues, (ii) holistic, intersectoral and cross-territorial 
management tasks as for instance within man-environment systems on the level of river 
Figure 35: Structure of the IWRM teaching module 
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basins, (iii) cooperation and collaboration in such systems and the integration of relevant 
actors, (iv) multi criteria analyis of the sustainability of initial conditions and developed 
measures (e.g. Analytical Hierachy Process), and (v) estimating future development by 
scenario development for global and regional change. 
The individual lectures deal with the water balance and its relation to societal needs and 
water uses. The lectures range from climate change and climate variability to water and 
matter fluxes as well as specific water demands, e.g. within urban water management. In 
addition, also hydrological extremes (floods and droughts) and  its socio-economic and 
environmental vulnerabilities are explained. As far as possible, all lectures integrate current 
scientifc and practical challenges of water management, e.g. climate or societal change, and 
the consequences for their particular subject, for the overall IWRM and for the 
implementation of IWRM tasks. This incorporates also potential conflicts as well as 
problem solving strategies for integrated river basin management, as for instance 
transboundary water management. The modular structure with IWRM as the leitmotif 
(common thread) and the detailled description of the individual lectures can be found in 
Annex A.2.  This structure cannot be overestimated, since IWRM is a complex topic so 
that it is essential for the understanding of the participants to have a common thread. 
Without, it would be merely a incoherent series of lectures. 
9.3.3 Development of the IWRM teaching module 
The development and adaptation to the Ukrainian context and towards the previous 
knowledge of the participants was coordinated with professors from PNU Lviv, IFNU 
Lviv, and NUWMNRU Rivne, especially with Prof. Hirol. The complete process form the 
first ideas to the first implementation took circa 1.5 years (Table 24). Concurrently, also an 
IWRM module was developed at TU Dresden for the M.Sc. study courses in the depart-
ment of hydrosciences, which started in summer term 2012 and is offered since then each 
summer term. Furthermore, an e-learning module was jointly developed with German se-
cretariat of UNESCO-IHE (chapter 9.1). The experiences from the development of both 
modules were used for the development of the module in Ukraine and vice versa.  
Especially important was to start an accompanying continuous process for generating trust 
and for the affirmation of good cooperation. Hereby, one essential aspect is to respect im-
portant items from the partner universities. For instance, the NUWMNRU is organizing a 
biannual conference for young scientist and doctoral candidates, which is a very important 
event for the NUWMNRU. We were co-convener of the conference and were present on 
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the conferences in the year 201083 with five students and PhD candidates from TU Dres-
den, and 201284 with three students and PhD candidates. However, we also raised issues 
that are important for us, e.g. it was a long way until it was accepted that English is ac-
cepted as third conference language (2010), respectively that English will become the only 
conference language (2012). We could convince the organizers that a broader participation 
of universities from EU is only possible, if the conference is in English- and it is also im-
portant for Ukrainian and Belarusian students to train their English language skills for get-
ting closer to the European research area. Prof. Hirol could enforce this, however with a 
considerable amount of resistance, meaning that he and his department had to organize the 
conference on their own with little support from other departments. 
Being co-convener and showing presence on the conferences as well as joint measuring 
campaigns at the Western Bug River and joint additional research projects was important 
for trust building between the scientists and thus between the universities, and it was espe-
cially important as a support for our partners at the NUWMNRU to convince the rectorial 
board of the NUWMNRU that the collaboration with the German partners is worthwhile. 
Because there have been professors that opposed a collaboration with Western European 
universities. 
Within the development of the teaching module, one essential point was raised by Prof. 
Hirol, who mentioned that it is important that not only legal aspects of water management 
are taught. But since Rivne is a university with focus on technical issues he mentioned that 
the combination between technical aspects and legal and institutional aspects are important. 
He had experiences with a Dutch project, where only legal aspects were considered and 
thus the students could not follow the content completely and also the faculty was reluc-
tant because of this partial representation, so that the course was not adopted at the univer-
sity. Moreover, it was the objective to develop a course that is relevant for future water 
managers in Ukraine, therefore, the deliberations about the contents were executed by 
German and Ukrainian scientists and water experts as well as a person (Dr. O. Kovalchuk) 
who is working part-time as a lecturer at Lviv Polytechnic National University (PNU Lviv) 
as well as being the head of monitoring department of the Department of Environment 
and Natural Resources of Lviv Regional State Administration. 
 
                                        
83 International scientific conference of young scientists and post-graduate students “Water management - 
state and prospect of development“. April, 14-17, 2010. 
84 International Scientific Conference of Young Scientists and Students: "Innovative Technologies in Water 
Management Complex". April, 23-25, 2012. 
Supporting water resources management through education 270 
 
 
 
This mixture of actors assured that state-of-the-art knowledge on water resources man-
agement is adapted to the Ukrainian context and towards the previous knowledge of the 
participants, which reflects the spirit of transdisciplinarity. In order to integrate as many 
actors as necessary, the documents about the module objectives, description of contents, 
scope, schedule and realization were translated into Ukrainian, respectively Russian lan-
guage. 
Accordingly, the final agreement was to cover natural scientific, engineering and technical 
aspects as well as socio-economic and institutional aspects within an “umbrella course”, 
highlighting the interaction between the single disciplines and sectors of water management 
(Figure 35). 
9.3.4 First realization of the IWRM teaching module 
The first realization took place in September 2011 (26/09-30/09/2011). Participants were 
students from third and fourth year of studies, doctoral candidates and post-docs 
((NUWMNRU, Faculty of Water Resources), as well as students from the Lviv Polytechnic 
National University, study course Ecology and Environmental Protection (25 participants 
in total).  
Ten instructors were doing the lectur-
ing, whereas most of them came from 
TU Dresden and Leibniz Institute of 
Ecological Urban and Regional De-
velopment. One e-lecture on govern-
ance held by a German senior water 
management and development coop-
eration consultant (Dr. Huppert) was 
also shown. This lecture was taken 
from the e-learning module IWRM-
education (qv. Chapter 9.1). In fact, 
the e-learning module was provided on USB flash drives for the library of the 
NUWMNRU so that the participants can use it as additional learning resources. The im-
plementation of IWRM in post-soviet countries was elaborated by a senior water resources 
specialist from GWP Ukraine. Apart from lectures, also practical field work on hydromor-
phology, as well as a water balance modeling exercise (with the WEAP software) was inte-
grated in the module. Moreover, the participants could take part in a session of an external 
Figure 36: Implementation of IWRM teaching 
module at NUWMNRU Rivne 
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workshop that was organized by the IWAS project, the German Water Partnership and 
Ukrvodokanalekologia, which was mainly dealing with problems of urban water manage-
ment. 
The detailed description of lectures, responsible lecturers and the workflow can be seen in 
the doctoral thesis database. The course was launched as an optional 3 ECTS course, and 
certificates as well as a documentation of all lectures and additional materials were pro-
vided. 
9.3.5 Results of the first realization 
9.3.5.1 Feedback of students 
A round table discussion at the end of the realization of the module was used for getting 
feedback from the participants, separated in a feedback on the overall course and subse-
quently on the single lectures and tutorials. The feedback on the single lectures within the 
IWRM module can be found in the doctoral thesis database. 
The overall evaluation was very positive. The participants mentioned that the combination 
of theoretical issues with tutorials and excursions was supportive for the learning success. 
Moreover, getting in contact with new information and new ways of studying (e.g. good 
presentation skills; discussions within lectures) was brought up positively. And to become 
acquainted with the “German” way of thinking and approaching issues was also appreci-
ated. Additionally, they put forward that the block course format is reasonable, since the 
participants can focus on the IWRM issue with no further lectures. 
 The participants’ main critique was that too much information was delivered in too less 
time, and that the content has to be adapted even stronger to the target group. This could 
maximize the learning success. On the other hand, they mentioned that some important 
parts were missing, e.g. groundwater, hydropower, efficient water use, or quite specific the 
heating up of rivers from nuclear power plants.  
Despite the relatively good English language skills, some terms and meanings were not 
understood, especially new technical and law terms.  
And the participants also suggested focusing in future module implementations more on 
the comparison between German/ European and Ukrainian approaches of water resources 
management. 
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9.3.5.2 Feedback of lecturers 
All lectures took part in the feedback and in general, the lectures had a good impression of 
the realization of the module and their individual lecture. Yet, several lecturers mentioned 
that it would have been desirable, if the existing knowledge from the participants would 
have been available beforehand, so that the particular lectures could have been better 
adapted to the participants. But it has to be emphasized that many lecturers have a priori 
assessed the existing knowledge correctly. This can be seen by the positive feedback from 
the students as well as intensive discussions and questions related to the presented topics. 
Furthermore, the connection between the individual lectures could be even more interre-
lated to each other. And the scope of the tutorials should be reduced, respectively more 
time and/ or more supervisors should be allocated. The supervisor of the hydromor-
phological tutorial proposed to separate the tutorial in a theoretical part and a practical 
part, so that the practical part can be fully used for the evaluation of the status of the water 
bodies and the floodplains.  Additionally, it was stated that it would be an added value for 
the participants to compare international research results with current research conditions 
in Ukraine. Last but not least, one lecturer mentioned the need to incorporate more legal 
and institutional aspects, since respective teaching is not enough at the Ukrainian universi-
ties.  
9.3.5.3 Feedback of NUWMNRU Rivne 
The feedback from the NUWMNRU Rivne was generally positive. Especially the rectorial 
board with Prof. Sapsay (Vice-rector for research, education and inter-national relations 
Prof. Hirol (Vice-rector for research) and Prof. Turchenyuk, Dean of Faculty of Water 
Resources was convinced that a partnership between NUWMNRU Rivne and TUD, re-
spectively IWAS is worthwhile. 
Of vital importance for the NUWMNRU Rivne is a cooperation agreement between both 
universities as a basis of collaboration. It was agreed that the IWRM module should be 
integrated into curricula of master courses of the faculty, namely (I) water management and 
natural building, (ii) hydrotechnics, and (iii) rational use and protection of water resources. 
Moreover, it was agreed that a gradual transfer of the module to NUWMNRU, under aus-
pices of Faculty of Water Resources and a twinning between chairs of NUWMNRU and 
TUD is essential for the assuring a long-term perspective of the IWRM module.  In order 
to facilitate the access of NUWMNRU’s staff to the module, learning materials will be pro-
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vided in Ukrainian language. And Prof. Turchenyuk proposed to offer a technical English 
class as prerequisite for IWRM module in the 4th study year. 
The meeting of the faculty board of the faculty of water resources together with IWAS 
members was fruitful in terms of further development of IWRM module, and the discus-
sion on thematic partnerships (twinning of chairs). It was decided that a 2nd realization of 
the IWRM module should be executed in the next year (2012). However some members of 
the board were not fully convinced that an IWRM module is needed respectively did not 
see the added value of collaboration with German universities. The impression was that 
this is due to the language barriers and due to a perceived danger of losing control over 
their subjects by external encroachment. This impression was corroborated by discussions 
with (younger) PhDs and PhD candidates.  
9.3.6 Overall assessment and further development 
The feedback from participants, the students as well as from the Faculty of Water Re-
sources from NUWMNRU was positive, so that the first realization of the IWRM teaching 
module can be considered as success. Yet, the feedback brought up new insights, which 
need to be integrated in future realizations. E.g. to tackle language difficulties, it is pro-
posed to provide keywords before the lecture starts, or to provide technical English classes 
before the module proceeds. Based on the feedback, minor optimization of the lectures can 
be implemented, i.e. fitting the classes better to the perceptions and needs of the partici-
pants and to the perceptions of the faculty of water resources from NUWMNRU. 
The “umbrella-concept”, i.e. that IWRM and the correlations between the single subtasks 
of water management is shown, can be considered as a feasible way of strengthening the 
sectoral academic education at Ukrainian universities. It should be aspired to integrate such 
IWRM teaching modules at more Ukrainian universities in the field of hydro sciences. It 
has to be assured that the individual classes are following IWRM as the common thread, so 
that the risk of reducing the module to a mere series of lectures is mitigated. The module 
has also potential to be adapted to the education at other universities, also in Germany. 
Experiences from the first realization have been used for the development of the IWRM 
module at the Department of Hydrosciences at TUD and vice versa. 
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Date Place Main topics Participants 
22/04/2009 Rivne  Meeting with members of the rectorial board and with the Dean of Faculty of Water Re-
sources for discussing the potential of having a cooperation between TUD and 
NUWMNRU 
- academic relations to  NUWMNRU 
- Student exchange and acceptance of course achievements 
- Clarifying potential to jointly develop teaching module in the realm of IWRM 
- Clarifying interest for joint measuring campaigns 
- Prof. Hirol, vice-rector for research of 
NUWMNRU; at that time also Dean of Faculty 
of Water Resources  
- Prof. Sapsay, vice-rector for research, education 
a. international relations of NUWMNRU 
- Mr. Leidel (TUD) 
- Ms. Weigelt (DREBERIS) 
15/4/2010 
 
Rivne 
 
 Basic issues about a joint IWRM module: 
- English as language difficult, but the only feasible option; documentation in English and 
Ukrainian language 
- combination of technical and legal aspects of water management 
- Optional course with implementation expected in 02/2011, then assessing how to inte-
grate it in the curriculum of water management study courses 
- 1st proposal   based on the outcomes of this meeting 
- According to proposal it is evaluated, which Ukrainian scientist fit to the single topics  
- Contract between TUD and NUWMNRU for module development necessary, especially 
as support for Prof. Hirol and his faculty 
- Advertising campaign for IWRM course 8 weeks before implementation 
- Prof. Hirol 
- Mr. Leidel 
16/11-
19/11/2010 
Kiev  International Conference GLOBAL AND REGIONAL CLIMATE CHANGES 
- Presentation on Education as a key for IWRM and adaptation to climate change 
- Dr. Demydenko (GWP Ukraine; water expert) 
- Mr. Leidel 
17/12/2010 Dres-
den 
 Discussion on current state of education: 
- PNU Lviv 
- NUWMNRU Rivne  
- IFNU Lviv 
- TU Dresden 
 Needed IWRM topics based on 1st proposal and new insights 
 Target groups 
 Agreeing on umbrella course 
- Prof. Hirol 
- Prof. Kruglov (IFNU Lviv)  
- Prof. Schanze (TUD) 
- Dr. O. Kovalchuk (PNU Lviv) 
- Dr. Petzoldt (TUD) 
- Dr. Baskyr (UFZ) 
- M.Sc. Leidel 
02/2011 Kiev  Interviews with educational actors and water experts concerning the state of the academic 
water education in Ukraine 
- Evaluating possibilities for further IWRM related courses in Ukraine, especially an intro-
ductory course on IWRM at the National University of “Kyiv-Mohyla Academy" 
 Evaluating possibilities for adaptation of e-learning module IWRM-education to Ukrain-
ian context 
- Ms. Maslyukivska, Senior Lecturer, Department 
of Environmental Studies, National University 
of "Kyiv-Mohyla Academy" 
- Dr. Demydenko 
- Mr. Leidel 
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Table 24: Milestones for the development of an IWRM teaching module in UA  
02/05-
05/05/2011 
Dres-
den 
 Shooting of the lecture “Implementation of IWRM in post-soviet countries” for the e-
learning module IWRM-education 
 Discussion on integrating this lecture in the IWRM teaching module at NUWMNRU 
- Dr. Demydenko  
- Mr. Leidel 
 
29/06/2011 Dres-
den 
 Drafting of an IWRM module at TU Dresden 
- Discussion on different definitions of IWRM 
- Elaboration of  relevant contents 
- Integration of natural scientific, engineering, socio-economic and institutional aspects 
- Importance of showing interdependencies  
- Delineation of new module to already existing modules 
- Development of a concept with the single lectures and trainings  for the module 
 
- Prof. Krebs (TUD) 
- Prof. Bernhofer (TUD) 
- Prof. Liedl (TUD) 
- Dr. Lennartz (TUD) 
- Jörg Seegert (TUD) 
- Andy Philipp (TUD) 
- Marco Leidel (TUD) 
- External experts: 
- Dr. Klauer (Expert for economics of water 
resources; UFZ) 
- Dr. Huppert (retired expert for water govern-
ance, formerly working with FAO, World Bank, 
IWMI, GTZ) 
26/09-
30/09/2011 
Rivne  1st implementation of the IWRM teaching module - See Annex A.2 
30/09/2011 Rivne  Meeting with members of the rectorial board of NUWMNRU and Faculty of Water Re-
sources for further collaboration between TUD and NUWMNRU 
- Basic points of collaboration (student, scientist exchange, etc.) 
- Discussion on cooperation agreement 
- Further development of IWRM module 
- Integration of IWRM module into curricula of master courses of the faculty: water man-
agement and natural building, hydrotechnics and rational use and protection of water resources 
- Technical English class as prerequisite for IWRM module in the 4th study year 
- Gradual transfer of the module to NUWMNRU, under auspices of Faculty of Water 
Resources; twinning between chairs of NUWMNRU and TUD 
- Learning materials in Ukrainian language for facilitating access of NUWMNRU’s staff 
- Prof. Sapsay 
- Prof. Hirol,  vice-rector for research of 
NUWMNRU 
- Prof. Turchenyuk, Dean of Faculty of Water 
Resources 
- Prof. Schanze 
- Mr. Leidel 
- Translators: Ms. Wolf, Ms. Hirol 
30/09/2011 Rivne  Meeting of the faculty board of the faculty of water resources 
- Discussion on further development of IWRM module 
- Discussion on thematic partnerships (twinning of chairs) 
- Decision that 2nd realization of IWRM module should be executed in the next year  
- Members of the faculty board 
- Prof. Turchenyuk (Dean) 
- Prof. Schanze 
- Mr. Leidel 
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10 Discussion and conclusion 
10.1 Conceptual framework towards sustainable water management 
This thesis is based on the concept of IWRM as overarching paradigm for contemporary 
water resources management, even if many critics are present that doubt the appropriate-
ness of the concept. In the following, it is advocated to rethink IWRM, respectively going 
back to the beginnings of IWRM and thus proposing a pragmatic view on IWRM. 
First of all, it clearly has to be defined and promoted, what exactly IWRM is and what it is 
not on (I) a conceptual level, but also (ii) within the development and implementation of 
IWRM projects. Recognizing IWRM only as a general and (contemporary) fashionable 
slogan as described by Dukhorny (2004) clearly has to be countered. In fact, it is decisive to 
overcome or to substantiate vague and universal approaches, which is not only true for 
IWRM, but also for other concepts that were fashionable once, or will become contempo-
rary like the water energy food security nexus. General concepts like IWRM on a global 
and abstract level are reasonable and necessary, only if they gradually become more context 
specific by concretizing them at the national, regional and local level (Leidel et al. 2014). 
Additionally, it is questionable whether paradigms developed by one sector (e.g. IWRM 
within the water sector) can be easily accepted by other sectors, respectively can be applied 
by the other sectors. 
IWRM is a paradigm that has to be adapted to the context together with relevant actors 
(Leidel et al. 2012). Thus, IWRM should not be dogmatic (e.g. “holistic participatory ap-
proaches are always needed for IWRM”), but it should be substantiated why specific 
IWRM principles, reorganization or measures are needed, or as Muller (2010) mentioned 
“where there is clear demand”. And van der Zaag (2005) mentioned that IWRM is a rele-
vant, yet fuzzy concept that inspires to think outside the water box. Thus, it is essential is 
to follow an integrated approach that respects the context, is pragmatic and problem fo-
cused. And it has to be acknowledged that IWRM deals with transdisciplinary management 
problems. 
It has to be clarified, on which kind of management is focused within the implementation 
process, the normative management (Governance) or functional management like water 
quality monitoring within water authorities. Furthermore, it has to be clarified what the 
pitfalls of implementation and integration are, i.e. what should be integrated or which co-
ordination mechanism are needed. Institutional integration/ reorganization as the only 
answer to sectoral fragmentation is at least disputable, if not unrealistic as mentioned in 
previous chapters. In terms of cross-sectoral integration pragmatic and reasonable solu-
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tions are necessary. That means that rescaling of management activities and thus setting up 
of new water management authorities like RBOs is not always the best solution. Van der 
Zaag (2005), for instance, argues in favor of pragmatic approaches for developing water 
management institutions that do not ignore existing institutional structures. In fact, he 
states that executive functions are not a requisite for new water management authorities, 
but instead they should be consultative bodies which guarantee that the development is 
coordinated between the different sectors (Ibid.). This means that also other coordination 
mechanisms are needed, next to “integration”. The focus has to be on close collaboration, 
cooperation, and coordination between the manifold involved sectors and institutions. And 
empowering stakeholders is necessary for a sustainable implementation of IWRM. Yet, 
cooperation and coordination between actors are challenges of integration that frequently 
occur in transdisciplinary approaches because of boundaries between the different actors 
(e.g. different world views). Important for overcoming boundaries is to develop and apply 
boundary objects, which deliver the “knowledge for doing” (Mollinga 2010), e.g. reports, 
frameworks or decision support systems. For improving IWRM, the boundary object 
needs to combine scientific analyses, frameworks for understanding as well as participatory 
processes for knowledge exchange and capacity development (Leidel et al. 2014). In fact, 
for strengthening water resources management, it is important to emphasize the impor-
tance of capacity development (Alaerts et al. 1991; Alaerts 2009). Similarly, it is frequently 
mentioned that the implementation of IWRM is not a technical or physical issue, but a 
water governance challenge, which implies focusing on improving water governance. Even 
though it is a valid argument, it might lead to neglecting physical aspects of the water crisis. 
Instead of playing off water governance against physical and technical aspects of water 
management, this thesis focused on a joint approach, i.e. integrating all relevant aspects of 
water management and treating them according to their importance for the particular prob-
lem. 
Resources management frequently has to deal with collective-action problems (motivation 
and information problems), which lead to incentives of actors of not (satisfactorily) solving 
a situation (Ostrom et al. 2001). Therefore, it is as important to develop appropriate incen-
tives within IWRM projects, as well as addressing incentive problems like corruption or 
rent-seeking. We implicitly were addressing incentives; however a stronger focus on incen-
tives could have potentially delivered more insights, whether governance systems support 
IWRM implementation or rather on the contrary, e.g. through using the Incentive Com-
patibility Analysis (Fischer et al. 2004; Huppert 2007), which analyses whether the govern-
ance system provides incentives for implementing IWRM through carrots and sticks.  
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Obviously, but often ignored, IWRM is a long term process, i.e. that progress needs time. 
But the rapid changing conditions within many river basin of the world call for immediate 
and continuous action. This should follow recursive and adaptive approaches like transdis-
ciplinary or adaptive management. As Pahl-Wostl (2004) mentioned that it is essential to 
have iterative management cycles and thus learning instead of mere control. This will 
gradually improve the water resources management system, since new insights lead to the 
adaptation of the goals and strategies of the management. And consequently, the adaptive 
capacity of integrated water systems is increased. 
Therefore, we link IWRM and capacity development within a transdisciplinary framework 
with iterative cycles, so that continuous learning and improvement and thus adaptation are 
assured.  
10.2 Theoretical framework 
The theoretical framework of the study is predominately based on transdisciplinarity and 
the concepts of boundary issues and objects. However, also other theoretical frameworks 
for analysing complex case studies are available, inter alia the institutional analysis and de-
velopment framework established by Ostrom (2005) for understanding institutional diver-
sity. It would have been worthwhile to elaborate a theoretical triangulation, i.e. applying 
Ostrom’s framework and evaluating, whether similar results or contradicting outcomes 
would have been produced. Yet, it would have been difficult to explain the stakeholders in 
Ukraine that we want to apply rival theories. Such comparisons, which are scientifically 
reasonable, would have been considered as a sign of inaptitude of our approach and would 
imply some sort of incompetency of our research. The Ukrainian considered the IWAS 
team as experts, so at least the administrative actors would question why we want to apply 
rival theories. 
Transdisciplinarity is an adaptive and recursive process for both, the overall process as well 
as within the particular phases, which is a pragmatic approach to analyse whether the pro-
posed course of action and the preliminary results are reasonable, and if not, to adjust it 
(Pohl and Hirsch Hadorn 2006). This is similar to adaptive management, which attempts to 
reduce uncertainties continually by monitoring and assessing the system, which will gradu-
ally lead to an advanced and thus more adapted (management) system with adapted goals 
and strategies. Pahl-Wostl (2004) mentions that adaptive management is needed, because 
uncertainties and risks in the management of ecological systems exist, so that it is difficult 
to predict the behaviour and responses of the system in the future. And managing the wa-
ter system includes even more complexities, so that the control of all relevant processes 
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and to precisely predict the outcome of management decisions is difficult (Pahl-Wostl 
2008). Pahl-Wostl and colleagues emphasize the importance of adaptive management and 
social learning for improving water resources management; however we focus more on 
cooperation as one part of boundary management within a transdisciplinary concept. It 
would be interesting, whether our approach and our results would be significantly different 
by applying the theoretical framework of Pahl-Wostl. Comparative studies that explore 
similarities and differences between work that is based on the concepts of social learning 
on the one hand, and projects based on transdisciplinarity and boundary management on 
the other hand, need to be conducted for getting more insights and for potentially merging 
both concepts. 
However, applying transdisciplinary concepts for IWRM studies is reasonable, because (i) 
resolving integration problems is central to transdisciplinarity (Jahn 2008), and (ii) transdis-
ciplinarity includes boundary management (Mollinga 2010) - both points are essential for 
improving IWRM. And transdisciplinarity is inherently related to capacity development, 
which is another important success factor for IWRM. It facilitates collaboration, combines 
learning and research, provides mutual learning of actors and knowledge on complex inter-
relationships, and it can improve environmental awareness so that Scholz (2011) men-
tioned that capacity development  is the key function of transdisciplinarity. This correlates 
with the evidence that capacity development can be seen as a key factor for natural re-
sources management, and especially for water resources management as reasoned by 
Alaerts et al. (1991), Alaerts (2009) and others authors. 
Transdisciplinarity is characterized by having a complex problem and a problem solving 
strategy with (i) problem identification and understanding, (ii) separation of the overall 
problem into several parts with subdivided questions, (iii) elaboration of the sections by 
taking the other parts into consideration and finally (iv) integration of the different parts 
for solving the overall problem and having transdisciplinary result options for solving the 
complex problem (Pohl and Hirsch Hadorn 2006). Our approach is following this proce-
dure of “integration and separation”, i.e. using the full range of scientific approaches, from 
transdisciplinarity to interdisciplinarity, multidisciplinarity and disciplinarity. As described 
by Pohl and Hirsch Hadorn (2006), there are phases were the focus is more on transdisci-
plinary or interdisciplinary collaboration that change with phases that focus more on indi-
vidual disciplinary work. That holds true for our work, yet, we assumed that the amplitude 
between transdisciplinary collaboration and disciplinary work should be minimized so that 
we integrated a knowledge exchange and capacity development process for securing a con-
tinuous transdisciplinarity within our study. 
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Another essential point within transdisciplinary research is to combine forms of collabora-
tion with means of integration (Pohl and Hirsch Hadorn 2008). We show that the integra-
tion of the diversity of knowledge is enhanced by using several means of integration and 
forms of collaboration. Accordingly, we used as forms of collaboration common group learning 
(integration via learning processes), deliberation among experts (integration via exchange be-
tween experts) and integration by a subgroup or individual as proposed by Pohl and Hirsch Ha-
dorn (2008). The applied means of integration are based on Pohl and Hirsch Hadorn 
(2008) and are mutual understanding, i.e. we defined and adapted terms to the users, theoretical 
concepts, i.e. especially new bridge concepts are developed that merge different scientific 
perspectives and different actors’ perspectives, models, i.e. for developing a joint under-
standing or for mutual learning, and products, e.g. frameworks, or databases. Thus, we de-
veloped an integration approach that is a bridge concept with a boundary object supporting 
mutual understanding and altogether the knowledge integration, because the function of 
boundary management is to reduce the integration problems of transdisciplinarity within 
man-environment systems. Yet, the essential question is, how such a boundary crossing can 
be realized, because crossing boundaries is not happening automatically as mentioned by 
Mollinga (2008; 2010). Boundary objects facilitate the collaboration between two parties; 
however Guston (2001) argues that additional opportunities and incentives for the devel-
opment and use of boundary objects are important, so that he proposes to develop bound-
ary organisations that have rules and procedures for carrying out their tasks at the interface 
between social actors. Mollinga (2008) similarly argue that boundary objects, boundary 
settings and boundary concepts are needed, which is essential for dealing with the com-
plexities of natural resources management. Turnhout (2009) argues that boundary objects 
can only connect social worlds that are similar, i.e. share common values and preferences. 
Likewise, boundary objects rely on voluntary collaboration between the different actors, so 
that boundary objects appear to be essential but not sufficient for a comprehensive bound-
ary management that improves the integration between different stakeholders. In summary, 
the main challenge of boundary objects is still to address simultaneously salience, credibil-
ity, and legitimacy as described by Cash et al. (2003). Mollinga (2008; 2010) described three 
strategies for developing a boundary object (i) analytical route with models as boundary 
objects, (ii) assessment route with frameworks as boundary objects, and (iii) participatory 
route with processes and people as boundary object. All three strategies have their disad-
vantages if used as stand-alone strategy. However, they could benefit from each other, so 
that converging the three routes seems plausible according to Mollinga (2008). The conver-
gence of the three strategies is a reasonable way of merging credibility, salience and legiti-
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macy of the exchanged and developed knowledge. Yet, the three strategies are associated 
with different policies, disciplines and attitudes, which makes the convergence difficult 
according to Mollinga (2008). However, overcoming such obstacles is the task of transdis-
ciplinary management. Our approach combines the three different strategies into one 
boundary object, so that credibility, salience and legitimacy are assured and eventually the 
water resources management is strengthened.  
In addition, the IWAS project took boundary management seriously, i.e. communication, 
mutual understanding and mediation have been done continuously and frequently and the 
boundary manager was accountable to the actors on both sides of the boundary. And we 
applied a boundary object for developing jointly knowledge based on insights from both 
sides of the boundary, i.e. scientists and practitioners.  
Applying this approach in Ukraine showed that knowledge and capacities of various stake-
holder groups can be improved even in contested political environments. Yet, progress of 
political changes was comparatively slow, which can be attributed to missing incentives, as 
well as hidden and opposing interests of some actors. For instance, there is no incentive 
for improving the environmental legislation as it was in the former EU-candidate countries 
in Eastern Europe. The ratified association agreement between EU and UA might increase 
incentives, since it states to improve the cooperation in environmental protection and that 
a “gradual approximation of Ukrainian legislation to EU law and policy on environment 
shall proceed...” This seems promising, however the current political instability of Ukraine 
makes it difficult to estimate future progress related to transforming environmental legisla-
tion or the adequate adaptation of EU directives. 
10.3 Methodological framework 
In terms of methodology, I applied mixed methods research, which is a comparably new 
methodology. It emerged from a long-lasting dispute whether qualitative and quantitative 
research can be mixed or not. The legitimisation of mixed methods research has been pre-
sented in chapter 5.3. I have applied mixed methods research within a case study approach, 
which is legitimate (e.g. Yin 2009; Creswell and Plano Clark 2011). The case study method, 
and especially the embedded design, is particularly apt for structuring transdisciplinary 
processes (Scholz 2011) so that I have chosen this design for my research. 
The challenge is, however, that researcher within such a complex action research environ-
ment needs various skills for conducting adequately such studies. A profound knowledge 
of qualitative as well as quantitative analyses methods are needed with at least an overview 
of limitations, differences and philosophical paradigms underlying these strategies (e.g. 
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deduction versus induction). For this dissertation, additionally a profound knowledge about 
natural scientific, engineering as well as social scientific processes and its complex interde-
pendencies is of utmost importance. As Yin (2009) states that case study researchers need 
to understand the issues being studied, i.e. the researcher must be able to interpret the data. 
Yet, it is impossible to be an expert in the manifold fields addressed in my study. Who can 
be an expert in the entire field of IWRM? - Certainly nobody. However, for my study it is 
necessary to have a broad understanding of the various disciplines needed and to admit 
where further experts are needed for solving the issue. This is actually the executed way in 
the IWAS model region Ukraine, where an interdisciplinary team of scientists worked to-
gether with me as a “knowledge broker”, i.e. a transmitter between scientists and the stake-
holders in the model region as well as between the scientific communities. As Lewin (1946) 
already mentioned that it is most important for the management of intergroup relations to 
have scientists that can handle scientific issues, but also can work in teams with practitio-
ners. Based on profound natural scientific experiences from my studies on environmental 
resources management, I have the required understanding for discussing issues with the 
executives in the water authorities in Ukraine, who are mainly engineers or natural scien-
tists and equally important, I can talk therefore in a similar technical language. They fo-
cused within the first interviews and discussions always on aspects related to infrastructure, 
rehabilitation measures or monitoring programmes, and other aspects or challenges related 
to the institutional set up were discounted. So it was my task to discuss with them technical 
details of our research programme, but then also directing the conversation to more gov-
ernance and capacity related points. But it was only after the technical discussions that the 
executives were willing to talk about institutional challenges, so that my know-how facili-
tated trust generation and thus the access to the more complex institutional topic. Accord-
ingly, it is obvious that the study deals intensively also with societal problems and social 
methodologies, so that social scientific expertise is necessary. I am not a graduated social 
scientist, so that it could be argued that potential inaccuracies may occur during this study. 
However, my interdisciplinary study programmes provided my already a first insight into 
governance and capacity issues. Additionally, I reduced the likelihood of inaccuracies by (i) 
collaborating within an interdisciplinary research team including also social scientists, (ii) 
triangulating my results with the results from social scientific colleagues working in our 
IWAS research team, and (iii) discussing methodologies with social scientists from aca-
demic fields, that are not related to water management.  
I have conducted a single case study research. One challenge of single case study design is 
the potential misrepresentation of the chosen case study, so that a thorough analysis of the 
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potential case has to be done (Yin 2009). Furthermore, it has to be assured that the data 
needed for the evidence can be collected (Ibid.) Multiple case study research would provide 
a bigger potential for generalization of conclusions (Miles and Huberman 1994). Multiple 
case studies could improve triangulation and thus validity through different data sources. 
Furthermore the developed framework could be tested and verified in another case study 
and thus potentially enhancing the framework’s rigor. So, the analytical benefits of multi-
ple-case study research may be significant (Yin 2009). Yet, one out of five rationales for 
using a single case study is according to Yin (2009), when it represents a critical case, i.e. test-
ing a developed theory. Thus, a theory, with a precise set of propositions and the context 
within which these hypotheses should be true, is confirmed, contested or expanded by a 
single case (Yin 2009). Therefore, it is justified that I have chosen a single case design for 
my thesis for analysing whether my proposed framework is reasonable within the context 
of post-soviet societies. Another problem of single-case study with one main unit of analysis is 
according to Yin (2009) that it is potentially carried out at an abstract level, which is inap-
propriate for my proposed inquiry in Ukraine. And such a holistic design has a further 
problem of potentially slipping into a situation, where gained evidence leads to different 
research questions than the original ones (Ibid.). In fact, one of the major critics on the 
case study method is that some researchers change the research questions so that they fit to 
the research design with the evidence not pointing on the previous research questions but 
to the “new” ones (COSMOS Cooperation 1983, in Yin 2009). To encounter these prob-
lems, Yin (2009) propose to apply a single case design with embedded units of analysis, in order to 
improve the opportunities for in-depth analyses and to avoid the pitfall of having a re-
search design not fitting to the research questions. Therefore, I have chosen a single case 
design with embedded units of analysis. Yet, an embedded design has the potential danger 
to focus too much on the embedded subunits and neglecting the main unit of analysis (Yin 
2009). That means that the intended research focus would become the context of the study 
(Yin 2009). Being aware of this fact, I always have addressed water resources management 
within the Western Bug River Basin and not only focused on the subunits. Acknowledging 
the complexity of water resources management in general, and especially in Ukraine and 
due to our fundamental intent of combining research and implementation (action research) 
in a transdisciplinary sense, our conviction was to establish and execute a single-case study 
thoroughly, instead of having several cases studied inaccurately. This goes hand in hand 
with practical restrictions for applying a single case study instead of a multiple-case study. 
First of all, it has to be mentioned that the amount of time and funds available for the re-
search was adequate for a single case study, but not for multiple cases. And the research set 
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up in the other IWAS model regions was different and not as holistic as within the Ukrain-
ian case study. Still, comparisons have been made between the model regions in terms of 
the relation between water resources management, capacity issues and governance aspects.  
A further measure for enhancing the validity of the results is that our research is based on 
mixed methods, which improves triangulation through different data sources. Above that, 
my research design was slightly altered during the course of the study, due to new insights. 
The major research questions, however, were not changed, which is in accordance with Yin 
(2009) who states that careful alterations of the design are possible as long as the research 
objectives are not changed and thus the precision with which case study research should be 
conducted is not reduced. As a matter of fact, reconsidering theoretical propositions and 
modifying the design due to new discoveries is a main characteristic of mixed methods 
research (MMR), as described in chapter 5.3 that MMR has a cyclic nature with deductive 
and inductive phases (cf. Tashakkori and Teddlie 2010). And, in a more pragmatic view, 
modifications due to new findings are necessary because otherwise the researcher can be 
suspected to be selective in data reporting, meaning that s/he only uses data that fits to 
initial theories and hypotheses (Yin 2009).  
Rival propositions are essential for the quality of case studies (Yin 2009); therefore I have 
considered some that challenge my assumptions. Applying a different theoretical frame-
work might have delivered different results, but as mentioned above, this scientific exercise 
was impossible to conduct within the case study. Other rival propositions like only using 
quantitative analyses or only natural science analyses can be empirically rejected, since the 
added value of a combined analysis was proven. Moreover, other rival propositions exist 
that are not implementable. For instance propositions that a variation among stakeholders 
would have delivered other interpretations are not realistic, because we have integrated the 
essential and most knowledgeable stakeholders that have been identified according to vari-
ous methods so that the key role of the stakeholders can be assured.  
Reviewing the study by peers and informants significantly improves the overall quality of 
the study by increasing the construct validity (Yin 2009). Therefore, one Ukrainian key 
informant was a co-author of one journal article that I have published and which is one of 
the cornerstones of this thesis. Moreover, for each of the two journal articles related to the 
Ukrainian case one of the two reviewers was very probably a Ukrainian peer, because the 
questions within the review process where very profoundly related to Ukrainian specific 
issues and legislation. 
285        Discussion and conclusion  
 
 
Boundaries of a case study, i.e. the difference between the case and the context, are diffi-
cult to draw. However, I found information with only minor relevance for my study so that 
the boundaries can be approached. E.g. financial limitations and the overall socio-
economic development were often specified as a major obstacle for water management, yet 
further data and triangulation revealed that, even if it is an essential limitation, other obsta-
cles are more decisive in an immediate sense, e.g. the inconsistent monitoring system. 
Since we conducted a transdisciplinary study, one explicit aim of the study was to exchange 
research results with various stakeholders varying from specialists to laypersons. Therefore 
we used case study research, because the strength of this methodology is to transfer results 
to various stakeholders (Yin 2009). This was done in different formats namely meetings, 
workshops, narratives (study reports, policy briefs with recommendations), but also lec-
tures at Ukrainian universities as well as e-lectures within an e-learning module. 
This also shows that it is of public interest and that the raised issues are important for the 
Ukraine, as well as for the worldwide debate on sustainable water resources management 
so that the case study is significant. 
In terms of generalisation of the results it has to be stated that the results of my mixed 
methods study cannot be generalised as within a pure quantitative study. Transdisciplinary 
studies as within this thesis cannot be generalised based on standard conditions, but the 
developed theoretical model is validated within concrete real world conditions as proposed 
by Pohl and Hirsch Hadorn (2008).  
Therefore, one may be more pragmatic and use the term transferability of results instead of 
generalisation as suggested by several authors (e.g. Morgan 2007). That means that my de-
veloped approach might be transferred to other cases, but it is not comparable to the gen-
eralization of a quantitative study, where the complete results of the study can be universal-
ized. Thus, extrapolating qualitative studies is not as accurate as quantitative studies; yet, we 
used a mixed methods approach, which combines qualitative and quantitative items, which 
enhances the accuracy. Additionally, validation of our approach was improved by iteration 
within adaptive cycles and thus enhancing the potential transferability of the developed 
model. This clearly shows that our study, as TR in general, is more than consulting. 
Related to that are cross-level problems, i.e. generalising from one level to another and to 
find the appropriate scale(s) and level(s) for analysis and action. We addressed that partially 
by using a multi-level approach and multiple scales, i.e. not to generalise but to attempt to 
conduct the analysis on all relevant levels and scales 
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10.4 Methodology for improving IWRM implementation 
Within natural resources management, rational planning approaches are not always leading 
to the desired results (cf. Forester 1989) especially in developing countries, but rather in-
cremental approaches that combine strategic intent with flexibility (cf. ECDPM 2009) or a 
combination of both approaches, if appropriate. Our incremental approach (I) has strategic 
intent, but is flexible and adaptive in the implementation accepting constantly changing 
conditions, (ii) focuses on the multiple levels of capacity development for institutional 
strengthening and structural changes, especially by empowering stakeholders, and (iii) pre-
scribes no universal solutions “ex-factory” or predefined outcomes, rather acknowledging 
that institutions and management options work differently (or not at all) in different con-
texts.  
That means we refer to a cycling spiral with planning, action, and reflection in terms of 
results and action. Thereby, we can generate improved results based on the interactions 
between theories and practice (application in the Ukrainian case study) and we can pursue a 
continuous learning within the process. Accordingly, my thesis consists of two research 
cycles (Figure 17) where the first cycle is basically about the interaction between IWRM 
and CD (Leidel et al. 2012), and the second one more specifically on a management 
framework for aligning model-based systems analysis and capacity assessments for over-
coming environmental pressures and capacity gaps (Leidel et al. 2014). 
Implementing IWRM means that institutions are changed. Therefore institutional analysis 
and actors analysis is essential. Yet, additionally applying the concept of storylines (Hajer 
2003; 2006) seems to have advantages, especially for transdisciplinary projects, because it 
analyses how the actors grasp their problems themselves. Thus it is evaluated, which im-
portance the problems have for the local scale. We implicitly used this concept for our case 
study. And it has to be acknowledged that water management is not only about formal 
institutions, but rather about water politics (Mollinga 2008), so that an accompanying po-
litical process for exploring water politics and related issues like hidden agendas is essential. 
10.4.1 Combining IWRM and CD processes 
An initial framework was developed as described in chapter 7 (Leidel et al. 2012), which is 
based on the question how the implementation of sustainable water management can be 
supported. Many scholars (e.g. Alaerts et al. 1991) have stated that capacity development is 
the “missing link” for sustainable water management. This is analogue to the fact that the 
introduction of new technologies within industrial processes is often conducted without 
having appropriate competencies for realisation of the innovation (cf. Staudt et al. 2002). 
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Accordingly, CD is frequently done only after the innovation process and often in a rush 
and thus immature way. Several studies recognized CD as the bottleneck for innovation, 
yet simultaneous engineering, e.g. the parallelisation of research and development or pro-
duction and marketing, is still excluding capacity development (Staudt et al. 2002). In the 
wider sense of simultaneous engineering, we therefore propose the parallelisation of proc-
esses of IWRM with processes of Capacity Development, i.e. to align and interrelate them 
from the very beginning. This assures that CD becomes an integral part of IWRM and thus 
measures proposed for improving water resources management fit to the available capaci-
ties and the overall context, respectively to develop CD measures needed for supporting 
the water resources specific measures. We applied the well accepted multi-level approach 
(e.g. Lopes and Theisohn 2003; van Hofwegen 2004; Alaerts 2009) for CD, highlighting 
that society is a nested, interdependent system comprising the three levels (individual, or-
ganisational, system) and that the levels are relevant for all societal groups like authorities 
or the science community. For instance, a profound CD approach for the environmental 
authorities would integrate new or improved training and education for the focused subject 
like water quality monitoring (individual level), improve the authorities as an organisation, 
e.g. defining a strategy and responsibilities for water monitoring and allocate budget (or-
ganisational level) as well as addressing the regulatory frame like the environmental legisla-
tion or changing funding priorities (system level). The whole process has to be targeted to 
the needs and thus it has to be harmonized with the existing water resources management 
and incorporated into existing strategies for the CD as well as the development of the sec-
tor in general. 
Therefore, the combined and harmonized IWRM and CD processes start with a situation 
analysis that includes natural and technical aspects as well as socio-economic, governance 
and capacity related issues. The application of the methodology in the Ukrainian case study 
showed that a combined approach of IWRM and CD is reasonable, especially because it 
supports actors in recognizing the state and the full scope of the problem (Leidel et al. 
2012). Yet, the application in the case study also showed that the interaction between ca-
pacity analyses and model-based systems analyses needs to be sharpened. And in conse-
quence, it has to be clarified more, how the concrete interlinkage between environmental 
pressures and capacity issues can be improved. In addition, it is necessary to develop a 
more transparent and practice-relevant method for combining model-based system plan-
ning and capacity assessments as a basis for management options. 
Thus, the transdisciplinary collaboration, and especially the Science-Policy-Interface (SPI) 
needs to be improved and the whole process needs to be more applicable for actors. 
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10.4.2 Integrated analysis of environmental pressures and capacity gaps 
The results from the first research cycle were gradually adapted and amended by further 
theories and insights from the case study mirroring the action research cycle, as well as the 
iterative and cycling nature of mixed methods research. The hypothesis is that the imple-
mentation of IWRM needs a coordination mechanism between different actors, which 
addresses scientific work, capacity issues as well as the political process. Such a framework 
can support the cohesion between different actors as for instance within a river basin. It 
improves the transparency and applicability and eventually constitutes the basis for closing 
information and capacity gaps. 
Eventually this led to an emerging methodology for an integrated analysis of environmental 
pressures and capacity gaps. In chapter 8 (Leidel et al. 2014) this cross-scale management 
framework with a conjoint systems and capacity analysis and thus with quantitative and 
qualitative analyses (MMR) is described. For balancing water management with available 
and developable capacities, a boundary object is developed consisting of a management 
framework with model-based systems analysis and capacity analysis as well as a political 
process for CD and knowledge exchange (Leidel et al. 2014). This assures that credibility, 
salience and legitimacy are addressed simultaneously. Our approach mirrors therefore the 
proposition of Cash et al. (2003) that effective boundary management facilitate what the mul-
tiple actors involved in sustainable resources management perceive under credibility, sali-
ence and legitimacy. We subsume that under the term transdisciplinary management as an adap-
tive process that facilitates sustainable natural resources management on several levels of 
management and the integration of all relevant actors. This assures that the developed op-
tions are scientifically robust, context-specific and can support decision making and capac-
ity development. 
For structuring and making the results of the analysis more transparent, we developed the 
Subsystem-Pressure-Coordination-matrix as information units based on an approach by 
Blumensaat et al. (2013). Resulting management options support water management actors 
in reducing environmental pressures as well as capacity and information gaps (Leidel et al. 
2014). The S/P/C matrix can qualitatively describe the status of the water management 
technically and capacity-wise for the particular level of water management, e.g. the local 
level. Further points on the framework are discussed in chapter 8.6. 
The methodology showed that a coordination mechanism as the developed boundary ob-
ject is essential for improving water resources management. 
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10.5 Case study Ukraine and Western Bug River Basin 
The Case study clearly showed the challenges that are inherent in transdisciplinary projects 
as described by Pohl and Hirsch Haddorn (2008). The problem identification and the defi-
nition of the common good required many resources (time, humans) and was a lengthy 
process. Reasons are manifold, i.a. different perceptions to the problem and its solutions 
due to differences in backgrounds, cultures or political opinions.  
In the best case, all actors are interested in the change process, have sufficient incentives to 
participate and the process is not overly driven by science. It could be observed that the 
interest and the ownership towards the problem and its solution increased during the 
course of the IWAS project. Yet, a constant need for facilitation of the process was 
needed, which was done by the IWAS project. This implies to a certain extent that the 
Ukrainian actors have no full ownership of the problem. Yet, facilitation of such processes 
is always needed. In order to avoid that science is the main driver, we were integrating CD 
into our IWRM approach and thus the perceptions of relevant actors from the beginning, 
e.g. through interviews and workshops. And the developed approach in Leidel et al. (2014) 
emphasized the importance of all relevant actors for the development process for assuring 
credibility, salience and legitimacy by focusing on boundary management with analytical, 
assessment and participatory strategies. Yet, it has to be acknowledged that transdiscipli-
nary research needs long term and continuous cooperation, so that e.g. Roux et al. (2006) 
suggests having project cycles of five to ten years for effective transdisciplinary work. Yet, 
in reality projects are often only three years and rarely up to five years, at least in the realm 
of scientific funding. In this context, the question might arise how to distinguish TR pro-
jects from development cooperation, especially if project cycles of TR projects would be 
extended. In my opinion, (transdisciplinary) research projects and development coopera-
tion have to converge, i.e. that development cooperation has to become more transdisci-
plinary in future and thus the borders between applied research and development coopera-
tion will vanish. 
10.5.1 Government and authorities 
In general, it can be mentioned that political and administrative instability constrained wa-
ter resources management throughout the project time. Moreover, water resources man-
agement is not a top priority of the government and thus the commitment and the political 
will towards change is low. Various executive institutions on all government levels exist 
that are involved in the water sector with frequent changes in responsibilities and tasks due 
to frequently changing policies and the unavailability of a holistic sector strategy with effec-
tive inter-agency coordination mechanisms. Also personnel are frequently exchanged due 
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to several reasons, often related to power play. Another important point is that the regula-
tory system is complex and legislation is not fully enforced. Funding is a major issue, which 
is lacking for adequate operation and maintenance as well as modernisation of infrastruc-
ture or programmes of measures for RBM.  
Another result is that a “bottom up approach” for RBM, i.e. predominately including local 
and regional actors, is not successful. Even if regional decision makers and authorities 
claim to have full authority on the RBM process, a stronger involvement and commitment 
of the national level is needed to ensure that the process is not interrupted by unclear re-
sponsibilities and/ or informal structures (as it was the case with the meeting of the WBRB 
council in 2010). Tangible decisions and concrete proposals are often impeded by these 
unclear responsibilities and informal structures as well as by a lack of political will and in-
transparent political and economic relations. This goes along with a lack of accountability 
and oral agreements are frequently not adhered to. Therefore, we adapted the project strat-
egy. We continued with the “bottom-up approach”, but additionally we established a top-
down approach, meaning to incorporate and strengthen the national level, so that decisions 
are transparent and cannot be overruled in an inexplicable way by regional decision makers. 
For that reason, a political process for RBM on the national level was initiated and a work-
ing group on integrated water resources management was established by the Ukrainian 
government. The strategy was to discuss RBM with the national level, and only after get-
ting the commitment of the major national actors to collaborate, we proceeded with the 
process in the WBRB. In addition, a national and a regional coordinator were installed for 
improving the cooperation between actors and we encouraged the use of written agree-
ments and minutes for better transparency.  
This strategy of combining a top-down approach with a bottom up approach was success-
ful: The RBM in the WBRB was strengthened and the meeting of the WBRB council was 
realized in 2012. The council adopted also a work plan for the WBRBD for 2012-2103. 
The national process towards improving RBM was supported by a policy paper on Strength-
ening Implementation of Integrated Water Resources Management (IWRM) in Ukraine, and by initiat-
ing a follow up on the IWAS activities, with an emphasis on twinning activities. We facili-
tated the discussion between German/ EU representatives and the Ministry of Ecology 
and Natural Resources of Ukraine on possibilities of cooperation and eventually a project 
proposal was developed named Capacity Development for strengthening water monitoring as a contri-
bution to river basin management. The project purpose is to contribute to the improvement of 
the water administration in Ukraine by advancement and harmonization of water monitor-
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ing according to EU water related aquis communautaire. Due to the escalating violence of 
the Euromaidan movement in February 2014, however, no responsible person within the 
Ministry of Ecology and Natural Resources of Ukraine was able to hand in the finalized 
proposal before the deadline of the EU. Several other options for financing an EU-UA 
partnership in the water sector were investigated; arguing for a window of opportunity for col-
laboration after the new Ukrainian government was established. Yet, the situation until mid 
of 2014 was that German/ European decision makers opted for not financing any major 
activities due to the instable and unpredictable political situation. 
 The current river basin approach in the WBRB is not working effectively. The major rea-
son is that the WBRBD is not a fully effective boundary organisation. The WBRBD is not 
fully integrated into the existing legal framework towards water resources management and 
environmental protection. There are legal documents describing the relationship between 
the existing environmental and water authorities and the WBRBD. Yet, detailed working 
procedures are missing and most importantly a spirit of cooperation between the longer 
existing authorities (especially of oblast L’viv) and the “new” WBRBD is missing. It seems 
that they perceive the WBRBD as dangerous to their roles in the institutional context of 
RBM with potentially losing power or even their jobs so that there is only low willingness 
to contribute to a successful WBRBD and thus RBM. 
In addition, the WBRBD has not set up an effective coordination mechanism between 
different actors, which addresses scientific work, capacity issues as well as the political 
process. That means that effective collaboration with appropriate communication and me-
diation is not conducted sufficiently by the WBRBD thus having lower levels of credibility, 
salience and legitimacy. E.g. the credibility of the water quality parameters is question able. 
The WBRBD has a GIS-based information system with a limited online repository which 
could be considered as part of a boundary object. The information provided from the 
WBRBD is salient, however, not all salient information are available. The WBRBD respec-
tively the State Agency of Water Resources has not developed adequate rules, procedures 
and norms for clearly assigning responsibilities, monitoring tasks to the different authori-
ties as well as for data exchange. The national level has not put many efforts into a political 
process lobbying for RBM. Officially, the WBRB Council can be considered legitimate, 
since all relevant actors are represented in the council. However, the enforcement of deci-
sions is low, interactions with activities from other line ministries are elusive and opinions 
from NGOs are often discarded. 
A well-functioning boundary organisation would need to integrate the above mentioned 
points and a boundary object is needed consisting of a management framework with model-
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based systems analysis and capacity analysis as well as a political process for CD and 
knowledge exchange as described in Leidel et al. 2014. This assures that credibility, salience 
and legitimacy are addressed simultaneously and consistently. It was shown in Leidel et al. 
(2014) that it is possible to apply this framework for our case study in the WBRB. How-
ever, it would be essential to institutionalize this methodology, i.e. that the WBRBD would 
need to adapt it for effective boundary management so that credibility, salience and legitimacy 
can be fully addressed. This transdisciplinary management will improve the sustainable water 
resources management within the WBRB by assuring that developed management options 
are scientifically robust, context-specific and that RBM fits into the existing legal frame-
work. 
10.5.2 IWRM teaching module for Ukrainian Universities 
During the first realization in September 2011, most of the content was taught by instruc-
tors from TU Dresden. It was intended that the content and the responsibilities of the lec-
tures will be gradually transferred to instructors and institutes from NUWMNRU. First of 
all, this is important for the ownership of the potential Ukrainian lecturers towards the 
module, and that the Ukrainian scientists get acquainted with the tasks. Secondly, this will 
assure that the module is executed on a long term basis, because foreign experts are nor-
mally only able to teach within financed projects, thus without financing, classroom teach-
ing becomes unrealistic. And the efforts to gather ten lecturers from Germany including 
three professors within one week were enormous, needless to say that travel preparations 
to a provincial medium sized city in Ukraine were also immense. Furthermore, it should be 
focused on integrating also younger post-docs and PhD candidates, since they have on the 
one hand enough English skills, and on the other hand they showed great interest in the 
taught topics and in a strong partnership. The second realization was intended to be used 
for the training of future Ukrainian lecturers.  
One additional way of alleviating this issue next to shifting responsibilities to the Ukrainian 
counterparts is to develop e-learning contents, which can be used as preparation or as sup-
port for classroom teaching. Yet, this transfer of responsibilities and the content was prob-
lematic, because of language barriers between German and Ukrainian professors, making 
the (scientific) collaboration difficult. Professors in Ukraine hardly speak English, yet some 
(younger) post-docs were able to talk in English. Next to that, scientific barriers between 
German and Ukrainian institutes exist, i.e. that German scientists raised the issue that re-
search on a par with many Ukrainian colleagues is difficult, so that there are little incentives 
for German researchers to collaborate, if it is not worthwhile for them. As a matter of fact, 
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researchers within projects (as our IWAS-project) have to publish scientific papers, since 
this is necessary for their career as well as for the positive evaluation of the project. And 
even if there are no massive scientific barriers, there are different research specializations, 
making it also difficult to cooperate without having a joint research project. And there 
might be a perceived danger of external encroachment by foreign scientists and lecturers 
leading to negative incentives. 
It could be seen that joint additional research projects, even small ones like the WTZ 
Ukraine project85, increase material and nonmaterial incentives for both sides and thus fa-
cilitate the collaboration, because there is a joint research topic, interesting for all involved 
parties. And it potentially reduces the impression of being impaired by foreign scientists.   
The long term target was to fully integrate this teaching module into the curricula of exist-
ing study courses at the NUWMNRU. The idea was that curricula development instead of 
merely teaching lectures occasionally and the gradual transfer of the module assure a long-
term and sustainable enhancement of the tertiary education in the field of water science. 
The NUWMNRU mentioned that a cooperation agreement between the two universities is 
essential for deepening the collaboration. And that this agreement needs to be signed on 
the level of the universities’ rectors. This agreement would have increased the incentives of 
the NUWMNRU enormously; however, the TUD’s strategy at that time was to sign only 
cooperation agreements with  international renowned top-ranking universities. A strategy 
highly controversial, if projects in the realm of development cooperation and capacity de-
velopment or transdisciplinary projects at the intersection between science and practice like 
IWAS are conducted.  
Nevertheless, there were already deliberations for the gradual transfer and the planning for 
the second realization with more Ukrainian lecturers participating. It was scheduled for 
autumn 2012; however, due to the upcoming Ukrainian elections and thus due to the not 
known budget, the rectorial board of the NUWMNRU informed us that it will postpone 
the final decision on the realization of the module. In the beginning of 2013, there were 
then additionally major reorganizations within the NUWMNRU and especially within the 
faculty of water management, so that the second round of implementation with more 
Ukrainian lecturers and the integration into the curriculum was paused. The reorganization 
was not finished until fall 2013, so that it became difficult to arrange a second realization 
within the IWAS project, since it terminated in July 2013. 
                                        
85 Wiisenschaftlich-Technische Zusammenarbeit (Scientific-technical cooperation) funded by the German 
government. 
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The success factor for the good collaboration and the implementation of the module was 
to develop an accompanying process of continuous communication and real cooperation 
with the partner universities. This created a spirit of collaboration and mutual recognition 
and generated mutual trust, so that incentives of the Ukrainian colleagues to cooperate 
increased. These nonmaterial incentives are related to the willingness to improve the aca-
demic education, and on more personal incentives like scientific validation, and on career 
advancement within their university. 
Yet, to sustain this process man power, creativity for developing new forms of collabora-
tion and financial means are decisive in order not to stall the process. And also incentives 
for cooperation of the German counterparts are needed, i.e. that not only cutting edge re-
search should be valued, but also capacity development activities. Yet, this is easier said 
than done, because science is organized in such a way that research counts significantly 
more than educational activities. And some scientists were reluctant in joining capacity 
development measures and stated that their job description within the employment con-
tract is not mentioning any capacity development activities. 
It could be also seen that starting with intermediate steps is a reasonable way of coopera-
tion- we started with joint measuring campaigns, coming to joint conferences and eventu-
ally joint module development. But it has to be acknowledged that these processes take 
time. As an example, from the first joint measuring campaign in autumn 2009 it took addi-
tional two years to the implementation of the IWRM module in autumn 2011. 
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11 Recommendations 
11.1 Methodology for integrated analysis of environmental pressures and capacity 
gaps 
The combined IWRM and CD framework with the S/P/C matrix can describe the status 
of the water management technically and capacity-wise. For increasing the usability and to 
make it more practice relevant for policy makers, a normalized indicator system, which can 
be used for ranking or comparing different river basins or management levels, could be 
developed in future. In this respect, a further improvement could be to weight the different 
factors, e.g. through stakeholders (expert-based approach) so that a more differentiated 
picture of the situation can be drawn. The weighted indicators could then be integrated 
into a composite water management unit (Multi Criteria Analysis), and it could be thought 
of applying a regionalization approach. 
Another step for increasing the usability of the approach would be to develop a water 
knowledge management system as an extension of the described boundary object. Improv-
ing the methodology and setting up such a system needs to be done in a transdisciplinary 
sense, i.e. a joint development with participation of all relevant actors. This would support 
the credibility, salience and legitimacy. 
11.2 The way forward: Water knowledge management system 
Capacity and information gaps have to be closed simultaneously, i.e. that information on 
the status of the water resources is only ‘one side of the medal’. It is as important to pro-
vide the necessary capacity and knowledge to apply the available information. That means 
in practice that people from water authorities as well as other interested stakeholders need 
training and education in order to grasp the information, i.e. providing possibilities for de-
livering necessary knowledge. However, not only understanding the information is neces-
sary, but also the capacity to use it, e.g. for river basin management planning.  
Therefore, it would be necessary to develop a water knowledge management system, which 
combines learning management systems (LMS) and water information systems (WIS), i.e. 
learning modules and water information are integrated. For that, learning theory and didac-
tical issues that are relevant for capacity development need to be reviewed, as well as e-
learning approaches and especially those within the water sciences. The advantages and 
disadvantages of applying e-learning approaches and LMS must be evaluated and also the 
didactics of water information systems. Eventually, a generic framework for a water knowl-
edge management system (WKMS) needs to be developed following and extending the 
developed boundary object. It needs (i) a structure for providing and analysing necessary 
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data/ information for doing RBM, (ii) as well as the necessary capacity and knowledge how 
to do river basin management, and (iii) tools for supporting social learning and participa-
tory processes. This would reflect the analytical, assessment and participatory strategy for 
boundary objects as proposed by Mollinga (2010) and developed within Leidel et al. (2014).  
Another step for the mentioned point (i) is to evaluate the possibilities of integrating GIS 
functionalities or modelling approaches depending on the need of the particular river basin. 
In the Ukrainian case study, for instance, integrating a water balance model would be bene-
ficial. WEAP (Water Evaluation And Planning System, developed by the Stockholm Envi-
ronment Institute) would be a useful water balance model, since it is user friendly (can be 
applied with varying complexity) and has an integrated approach to water resources plan-
ning. Integrating such models would be good for getting a more complete understanding 
of the interrelationships within water management and thus would increase credibility. And 
this would be well in accordance with learning theories that state that collaborative and 
hands-on working is better than merely providing information.  
The second point (ii) can be forwarded to the user by means of lectures, whereas the rele-
vant topics (lectures) are hyperlinked in order to convey the complexity of RBM to the 
user. This could follow the approach used in the UNESCO-IWAS IWRM E-Learning 
module (Leidel et al. 2013). Correspondingly, linkages or ontologies between lectures and 
WIS need to be developed. The third point (iii) can be supported by setting up a LMS, 
respectively by integrating media and Web 2.0 technologies for facilitating interactions be-
tween actors. 
This generic approach can then be applied within context and regional specific case studies, 
i.e. in a specific river basin. It would be worthwhile to transfer the boundary object devel-
oped within the IWAS model region Western Bug River Basin into a water knowledge 
management system and extending it by the above mentioned points. 
11.3 Case study Western Bug River Basin 
11.3.1 Recommendations for administration 
In general, it can be recommended that actors from one level should participate in decision 
making at another level. As for instance in Ukraine, the participation of regional actors at 
the national level and vice versa was initiated within the IWAS project. This facilitates that 
actors from one level understand the challenges of the other levels, e.g. in devising rules 
and ordinances. Regional actors are thus involved in the design of rules and norms, and 
potentially can influence this process. And the knowledge from regional or local actors is 
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transferred to higher levels and thus potentially influencing higher level decisions. This 
would eventually lead to a common definition of IWRM, respectively RBM, shared by all 
actors about what RBM is and what the requirements should be as well as an assessment of 
knowledge for enhancing RBM in Ukraine (Hagemann and Leidel 2014). 
11.3.2 Recommendations for national level 
The (political) process of river basin management has to be strengthened in Ukraine. It 
would be necessary to proceed with the analysis how parts of other international RBM 
approaches (e.g. EU-WFD) can be used for strengthening the Ukrainian approach. Testing 
proposals in concrete pilot studies, preferably in a twinning arrangement is recommended, 
as described below. A strong commitment of the national stakeholders is needed for im-
proving river basin management, so that it is recommended to continue with the working 
group with members of the Ministry of Environment, the State Agency of Water Manage-
ment that was founded on initiative of the IWAS-project. The national authorities and the 
legislative bodies need to examine the current legal basis and the assignment of competen-
cies. Due to overlapping responsibilities, but also because of the judicial system, enforce-
ment mechanisms are not fully efficient. Therefore, the authorities have to screen for over-
lapping guidelines and responsibilities and subsequently they need to reform the legal and 
policy framework.  
As a further step, the started process of strengthening RBM in Ukraine should be intensi-
fied. Capacity development can enormously be enhanced by cooperation with foreign au-
thorities, since there is mutual understanding of structures, objectives and behaviour 
(ethos) within authorities. One example for such cooperation is the twinning instrument, 
which is a proven institution-building instrument (Bartels and Rach 2009). Hall et al. (2009) 
describes further advantages of so-called public-public partnerships (PUPs) like low trans-
action costs, non-commercial relationship, long-term gain in CD, and that partners which 
have benefitted from a twinning can become the supporting partner to other authorities in 
need of assistance. Boag and McDonald (2010) raise the point that there is a tendency that 
such PUPs are uncritically celebrated. Thus, twinning approaches have to be carefully 
planned, assessing the practical and theoretical advantages and disadvantages of the twin-
ning instrument. In order to exchange experiences between each other, we recommend a 
methodological sound twinning arrangement between Ukrainian environmental authorities 
and e.g. authorities from the EU in the field of water monitoring, data management and 
collaboration. It could be viable, for instance, to arrange trainings/courses in terms of wa-
ter monitoring (e.g. biological monitoring and hydromorphology) together with representa-
tives from administration of EU member countries. The process has been established and 
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an application for an EU-twinning project was already drafted, ready to be handed in by 
the Ukrainian Ministry of Environment to the EU commission. Unfortunately the process 
stalled because of the political turmoil in Ukraine. 
Another viable option for strengthening water management in Ukraine, which is similar to 
the PUP of authorities, is the water operator partnership (WOP). For instance in Germany, 
the so called neighbourhood system, which was developed in 1968 and run by the DWA 
(German Association for Water, Wastewater and Waste), is a success story for water opera-
tors. Neighbourhoods exist for sewage treatment, plants, sewerage networks, water bodies 
and flood waters and are basically a platform that combines regularly decentralised training 
on various relevant issues, mutual exchange of experience and best practices among mem-
bers, emergency assistance, enhancing self-monitoring, detecting problems and comparing 
work results and eventually developing measures. For adopting such a system of WOPs in 
Ukraine, it would be reasonable to further strengthen one of the national association, (e.g. 
Ukrovodokanalekologia), so that members can be supported and encouraged to set up 
such partnerships and that eventually networks between the member water operator can be 
established, similar to the German experiences. 
It is recommended that all these activities are streamlined within a hub for capacity devel-
opment, e.g. a centre of water competence in Ukraine (chapter 11.3.6).  
11.3.3 Recommendations for regional level 
An important step towards river basin management planning is an enhanced communica-
tion and collaboration of the ministries’ branches at oblast level, i.e. relational capacities 
need to be developed to enhance cooperation and build trust. A streamlined coordination 
approach based on the existing administrative structures and capacities as well as the as-
signment of competencies will be a reasonable way for Ukrainian water management. Since 
river basin council and administrations have been installed in Ukraine, the coordination of 
activities in the catchment should be their task. New administrative structures are not a 
feasible way for river basin management. At the beginning, only the administrations of the 
water and the environmental sector need to cooperate and coordinate. The cross-sector 
cooperation between authorities (e.g. integrating the agricultural sector) should be done 
gradually. Accordingly, it is recommended to renew the formal agreements between the 
state actors within in the Western Bug River Basin. The agreements should also integrate 
the coordination of monitoring programmes, as well as an agreement about how the data/ 
information exchange is executed in detail. Furthermore, an enforcement instrument is 
essential, so that state actors can be forced to cooperate, e.g. in terms of data delivery. 
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One first step is to have coordination meetings (Western Bug River Basin council meet-
ings) on a regular basis. They are important for solving problems and most importantly to 
create a spirit of cooperation between the members of the council and to provide mutual 
confidence, e.g. by acting jointly and reaching (sub-) goals together. One of the goals of the 
above mentioned working group was to re-establish the meetings of the Western Bug River 
basin council, since the last meeting was in the year 2006. In 2012, a meeting with an ac-
companying workshop on collaboration in river basin was executed. 
Moreover, we recommend executing more workshops on RBM and how it functions in 
EU, on how to cooperate in a river basin, how to coordinate, presumably in the realm of 
the above mentioned twinning arrangement for the national level. This goes hand in hand 
with improving and harmonising the data and information basis, i.e. by measuring cam-
paigns and intercalibration of different measuring methods. For sharing of data and infor-
mation the development and enhancement of data base systems, respectively setting up or 
improving water information system is necessary in order to reduce information asymme-
try. A basic web service for the data and information was developed by IWAS. The ques-
tion arises, whether that information can be combined and integrated with Ukrainian data, 
e.g. the information system of the Western Bug River Basin Department. Here, it could be 
discussed what kind of technical solutions are possible (development of data bases, har-
monization of data, water information systems, water knowledge platform). Such an in-
formation system needs also trained government employees that understand the impor-
tance of knowledge exchange. Therefore, CD measures should be streamlined and inte-
grated into technical solutions like information systems. However, it is also recommended 
to strengthen the overall knowledge about RBM within all levels of employees in the ad-
ministration.  
Knowledge and capacity development is a continuous process, meaning that it has no end 
and thus knowledge and capacity gaps have to be narrowed constantly. A facilitating 
mechanism for continuous adaptation and learning, integrating all relevant actors, is there-
fore necessary. Therefore, we recommend a knowledge management platform with free 
access to all actors, since knowledge exchange facilitates communication, cooperation and 
learning of actors; eventually this contributes to narrowing the science-policy-interface. 
Within this platform, data, information and knowledge can be stored. It could be e.g. used 
to inform all levels of society, from the laypersons to the authorities and the scientists with 
tailor-made access points for the target groups integrating in the best case even social col-
laborative media like forums or wikis. E.g. the decision makers within this basin could be 
informed about the advantages of modelling for integrated RBM (Support informed and 
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coordinated decision). Such a platform should ideally be placed at the Western Bug River 
Basin Department, since they already collect data and information. 
11.3.4 Recommendations for data management and water monitoring 
It would be reasonable to provide data and information on a platform with access at least 
to all authorities. Therefore, the willingness of authorities to cooperate is essential. A strat-
egy is necessary for data management, data management structure, data/information ex-
change between authorities and data provision for other actors (general public), and report-
ing requirements. The data structure should be established in such a way that it could be 
applied by models (data-model-approach). A good possibility is to have a combined plat-
form for all regional data and information (river basin information system or water infor-
mation system). Yet, it is important to identify content-related, financial and political ob-
stacles of such a system. The following content-related steps are suggested for data man-
agement: 
• Comparison of differences and similarities of methods for the management of col-
lected data (What kind of practices are applied in data management, what kind of data 
base management systems are used, analogue data/electronic data, how are historical 
data dealt with) 
• Data harmonization (format, meta data) 
• Platform, systems selection; web-based system useful to allow access for all relevant 
institutions (and were appropriate other actors) 
• What kind of technical solutions are possible (development of data bases, harmoniza-
tion of data, water information systems, knowledge platforms) 
In terms of water monitoring, there are still some contradictions, whether there is a mutual 
adapted methodology for water monitoring or not and whether there is a strategy how to 
handle different methodologies. Thus, it is recommended that this is clarified within a sci-
entific analysis of the monitoring system. Another recommendation for future work is 
about improving the scientific basis of monitoring for the introduction of a river basin 
management planning. Therefore, the monitoring systems need to be improved as well, 
especially setting up river and rain gauges where needed. This is important since the data 
basis has to be precise and consistent in order to calibrate models and thus support deci-
sion makers. In addition, research in this field (e.g. on biological monitoring) is an impor-
tant means for the preparation of management plans. This is well in accordance with the 
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Ukrainian action plan for water management until 2020. We suggest the following content-
related steps for monitoring of water bodies: 
• Comparison of differences and similarities of methods for the analysis (sampling [date, 
interval, place], stabilization, transport, documentation) 
• Comparison of differences and similarities of methods for analytics (preparation of 
samplings, facilities/methods of analysis, documentation); comparison of ad-
vantages/disadvantages of different methods (i.e. precision, costs) 
• Intercalibration of applied methods 
• Comparison of differences and similarities of methods for quality control 
• Capacity assessment for the involved monitoring authorities 
11.3.5 Recommendations for education and research 
For reaching a vast amount of future decision makers in the field of water resources man-
agement in Ukraine, we recommend to set IWRM and RBM on the agenda of the Ministry 
of Education, so that IWRM can be integrated in curricula of universities in Ukraine. In 
order to educate the large amount of students needed, lecturers have to be trained as well, 
at best within train-the-trainer courses, so that a swift uptake and spreading of know how is 
possible. The curricula development and the trainer courses could be based on the experi-
ences from the postgraduate course at the university in Rivne. Based on the umbrella con-
cept of the IWRM course, various needed specializations within water resources manage-
ment should be developed, respectively existing study courses should be adapted so that 
they fit into the concept of sustainable water resources management. It is recommended to 
utilize the developed network of water sector organizations (mainly within Ukro-
vodokanalekologia) for discussions on additional relevant content, respectively specializa-
tions. Essential is that new or refurbished study courses contain scientific explicit and tacit 
knowledge and the overview on the various interrelated topics and subjects within IWRM 
(umbrella). Additionally, also know-how on capacity development in general and further 
soft skills is needed. Accordingly, it is reasonable to delineate (water related) study courses 
in a “T-shaped” profile, which has been described by Uhlenbrook and De Jong (2012) as 
well as in similar form done at TU Dresden within the M.Sc. course Hydro Science and Engi-
neering. The vertical part of the “T” describes the major part of the study course, e.g. hy-
drology, and the horizontal bar integrates adjacent fields like water management and its 
interrelations. The latter is what we described above as umbrella, i.e. the IWRM module, 
and should also include an overview on capacity development, organizational development, 
Recommendations 302 
 
 
 
didactics, governance, etc. The horizontal bar additionally should include functional com-
petencies (e.g. report writing), as well as interpersonal competencies (e.g. moral integrity, 
communication or adequate behavior; Uhlenbrook and De Jong 2012). The key to change 
are leadership skills, consisting of interpersonal skills, tacit knowledge and buildup of ex-
periences to develop a visionary mind (Wehn de Montalvo and Alaerts 2013). Thus, study 
courses should, as far as possible, teach insights from leadership. 
Moreover, a regional adaptation of our developed e-learning module on IWRM (Leidel et 
al. 2013) could be elaborated to be used for training and information of authorities as well 
as support for universities. We recommend developing context-specific (e-) learning mate-
rials on IWRM for various target groups from the academic education to layperson. It 
could be used for support trainings, e.g. on biological monitoring. A first regional adapta-
tion was already implemented by our partners from GWP Ukraine/MAMA-86. Based on 
the e-learning module IWRM-education, they developed additional lectures for covering 
Ukrainian specific materials86.  Yet, it has to be emphasized that blended learning concepts, 
i.e. the combination of classroom teaching and self-paced/e-learning is most promising for 
best learning results, and especially if it is organized within a learning management system. 
Furthermore, research in the field of water sciences and especially on modelling should be 
strengthened, e.g. through networking between Ukrainian universities and universities from 
EU to come closer to the European Research Area (ERA). It is also necessary to promote 
inter- and transdisciplinary approaches, so that a close cooperation between scientists and 
practitioners can evolve. 
11.3.6 Recommendations for enhancing collaboration and transdisciplinarity 
It is recommended to set up a centre of water competence in Ukraine for all levels of ca-
pacity development as mentioned above. Assessments have shown that several capacity 
development measures (training, education) exist, however, a holistic strategy between all 
actors is absent. Thus, there is a need for a structure that combines these efforts. There-
fore, setting up a center of water competence in Ukraine for all levels of capacity develop-
ment would strengthen the overall capacity development. As a first step, an assessment of 
existing measures for capacity development and knowledge transfer from universities, edu-
cation and vocational training centers (e.g. from the Ministry of Environmental Protection, 
water associations, etc.), regional and national information systems should be conducted. It 
should be continuously assessed, which further CD-measures are necessary for improving 
                                        
86 (http://www.gwp.org/es/GWP-CEE/gwp-cee-in-action/news-and-activities/GWP-Ukraine-developed-
IWRM-climate-change-course/ accessed on 01/07/2015) 
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water management in Ukraine. Based on that, the centre should develop a tailor-made 
modular knowledge management platform for connecting actors and for connecting exist-
ing intervention options, measures and knowledge including the development of additional 
knowledge transfer measures.  
The aim of such a water competence centre is to support the continuous adaptation of 
strategies, intervention options and measures in the realm of water management as well as 
the development of partnerships between authorities, water operators and academic institu-
tions. And the centre of water competence could support the joint development and im-
plementation of a Ukrainian-EU strategy for capacity development in the water sector. 
However, the setup of such a hub needs the strong political support from the national 
Ukrainian government. Financing the establishment of a water competence centre could be 
done by donor countries.  
11.4 Recommendations for future research projects in the realm of IWRM 
In order to approach sustainable water resources management, the real and most relevant 
problems have to be tackled, or as Schön (1983) paraphrased to go from the solid grounds to 
the swamps. It was demonstrated that a transdisciplinary approach is necessary, since it inte-
grate context specific and scientific knowledge, i.e. that technical rigor is embedded into a 
reflective and social process and thus the scientific analysis is combined with an interven-
tion in the real world. Thus, it is recommended to apply transdisciplinarity within future 
applied research projects and there is a clear call for the development cooperation to inte-
grate science and vice versa, so that theoretic state-of-the-art know-how meets case specific 
know how. The complexity of most water resources problems and the manifold percep-
tions makes it necessary to iterate between theory and action. 
It would be worthwhile to explore institutional context patterns for IWRM and eventually 
generalizing and grouping them, e.g. into institutional context for industrialized countries, 
post-soviet countries, transition countries, least developed countries, etc. This could facili-
tate and advance the work within such regions, giving advice on to be expected institu-
tional behavior and possible challenges. 
Donor concepts like IWRM and the IWRM implementation in receiving countries should 
be scrutinized in terms of their willingness to integrate profound institutional analyses in 
the receiving countries, before the hard path is introduced. 
The evaluation of research projects that aim at transdisciplinary research should not focus 
only on published scientific papers, but also on other aspects like capacity development 
activities within the case study region. This would enhance the incentives of researchers to 
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collaborate and cooperate with local actors and local scientists. It was shown within IWAS 
that setting incentives for doing CD is a viable way, e.g. a joint measuring campaign, which 
is used for collecting scientific data and knowledge exchange with and CD for the practitio-
ners. Such a measuring campaign can be also considered as a boundary object, having a 
meaning to different actor groups, the scientists, the practitioners and the facilitators. And 
convincing scientists about the importance of CD measures and about their (voluntary) 
participation as experts is usually also working. Sometimes, however, the participation 
within CD work has to be enforced. One possibility for enforcement could be to reserve a 
certain amount of working time for capacity development measures, which is written in the 
employment contracts of the scientists. This would also mirror the transdisciplinary project 
structure and would underscore the importance of both, research and capacity develop-
ment. 
The IWAS Ukraine project showed that there is a clear need for knowledge brokers who 
facilitate the work between scientific disciplines and especially between scientists and 
stakeholders. The success of transdisciplinary research depends largely on trust generation 
with local actors, so that a work package focusing on those collaborative processes is es-
sential.  
It would be interesting to analyse CD concepts within developed countries like Germany 
and compare them with the herein developed concept or with other existing approaches in 
development cooperation, as well as potentially delivering insights for countries attempting 
to improve the CD. It would be interesting to analyse how actors work together for CD in 
developed countries, or which policy instruments and coordination mechanisms are used.  
Research has to be done on the above mentioned recommendations for extending the 
methodology for an integrated analysis of environmental pressures and capacity gaps. In 
addition, the developed boundary object needs to be extended and transferred into a prac-
tical application like a water knowledge management system for securing the long term 
cooperation of actors, especially between different authorities. 
11.5 Recommendations for future teaching activities at TU Dresden 
The profile of the Faculty of Environmental Sciences of TU Dresden (TUD) states that 
inter alia integrated management of water resources, sustainable development, and value 
added in rural regions belongs to the profile lines of the faculty. The faculty’s interest in 
development topics can be also seen by the fact that an environmental management course 
program is realized at TU Dresden in collaboration inter alia with UNEP and UNESCO 
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through the Centre for International Postgraduate Studies of Environmental Management 
(CIPSEM) since 1977. And currently established cooperation, e.g. with the United Nations 
University Institute for Integrated Management of Material Fluxes and of Resources 
(UNU-FLORES) or the Centre for Advanced Water Research (CAWR) between TUD and 
the Helmholtz Centre for Environmental Research-UFZ shows that there is a high interest 
in doing research and educational activities in the realm of sustainable development. 
In terms of extending teaching activities, it is recommended to build upon the experiences 
from the e-learning module IWRM-education, as well as from the realization of the IWRM 
teaching module in Ukraine. We assume that the implementation and transfer of the 
IWRM teaching module to other international partner universities will have several positive 
effects for TUD. First of all, experiences from the realization at foreign universities have 
been already used for teaching at TUD and can be used in future. In fact, there was a mu-
tual influence of this activities and the development of a module on IWRM for water re-
lated master programmes at TUD. 
Moreover, also new research directions, especially in relation to transdisciplinary research, 
can potentially be drawn from it. However, for conducting these realizations, cooperation 
agreements with partner universities are the rule rather than the exception. Therefore, it is 
recommended that TUD revises its cooperation agreement policy, so that it is also possible 
to cooperate with universities that are not belonging to the list of top-ranking universities. 
This is especially important, because within the discourse on IWRM, the role of develop-
ment countries, emerging nations as well as transition countries is essential. By encouraging 
training activities for actors of such countries like the IWRM teaching module, the e-
learning module or blended learning concepts, the TUD can position itself as an excellent 
educational institution in the realm of hydrosciences and enhance its profile. An excellent 
inspiring example could be UNESCO-IHE in cooperation with TU Delft, Netherlands, 
which is the largest international graduate water education facility in the world. 
11.6 Best practice 
General approaches like IWRM, but also the NEXUS discussion, needs to be downscaled 
to practitioners. The analogy of a map fits well in this respect: The scale of the map has to 
be defined according to what we want to use the map for. Sometimes we need a global 
map and sometimes a local map depending on the problem we want to solve with the map. 
Additionally, we need different kinds of maps depending on the intended use; e.g. for hik-
ing a different map is needed than for climate analysis. That means that the problem defini-
tion is essential. 
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Effective resources management depends on credible, salient and legitimate knowledge, i.e. 
iterative and frequent communication is necessary (Cash et al. 2003). There has to be a real 
exchange of information between scientists and decision makers, so that it is avoided that 
scientist assume what is salient for the decision makers, as well as to avoid that decision 
makers think that the credible know how is the (only) relevant information. A frequent 
communication instead of only meeting at the beginning also assures that the current prob-
lems are included and thus credible and salient know-how can be developed. Within the 
Ukrainian case study, a continuous communication assured an intensive exchange between 
scientist and stakeholders. This was done by regular meetings, joint measuring campaigns 
and continuous information updates by email and telephone. The frequency varied yet, 
depending also on the part of the assessment and the actors involved. It was important to 
ascertain the continuous communication, i.e. to recall all actors to communicate regularly, 
by having a person at the interface between all actors.  
Mutual understanding gradually improved, however it was a long term process. Also me-
diation was necessary to narrow the boundaries between various actors. Yet, mediation is a 
difficult process as Cash et al. (2003) mentioned, meaning that the boundaries should be 
like a “semi-permeable membrane”, letting through e.g. actors needs towards the research, 
but having a reduced permeability for political influences. The range is between a rigid 
boundary that secures credibility, but reduces saliency and a weak boundary leading to a 
reduced credibility by having integrated too much influence from decision makers (Ibid.). 
It is vital to do a stakeholder analysis, update it regularly and assess which stakeholders are 
needed for the different phases and different measures within IWRM projects. In order to 
reduce complexity, it is reasonable to analyze the degree of stakeholders’ participation 
needed for different measures ranging from full participation to information. 
For enhancing transdisciplinary projects, it is essential to strengthen the incentives of the 
counterparts in the target region (Universities, Administration, Water Service Provider, 
NGOs, etc.) to collaborate. This can be done by assigning individual subtasks or work 
packages to the actors, for which they are responsible in terms of content as well as fi-
nances. These work packages need to be integrated in the overall workflow of the project, 
e.g. into the model-based and capacity based IWRM framework (Leidel et al. 2014). Such 
work packages should be defined together with the local actors, so that their perceptions 
are integrated. However, this is often easier said than done, because frequently, not all ac-
tors are known at the beginning, respectively it is not clear who is willing or able to partici-
pate. In addition, financing foreign actors is sometimes also difficult. For improving incen-
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tives it is also essential to develop a political and participative process that integrates rele-
vant actors from the very beginning. To keep this process continually running throughout 
the project and beyond is even more important, but also more challenging. Training and 
education are also effective means for creating incentive structures. Taking these points 
into account will advance the ownership and the accountability of the local actors towards 
the problem and the solution within the project.  
The example in the Western Bug River Basin has shown that only working with the re-
gional and local decision making authorities is not a viable option. The national level has to 
be integrated. Therefore, combining bottom up and top-down approaches for the flow of 
authority is reasonable for water resources management. An emphasis should be also on 
network analyses, since networks exist across scales and levels. Understanding formal, but 
especially informal networks is one key of understanding the (non-) functioning of water 
resources management.  
The Ukrainian case study showed that universities and research institutions have their 
strengths in systems analyses, impact assessments, and development of alternative man-
agement options. And they can also play a decisive role as knowledge broker and facilitator 
for the development process, since they are considered as impartial. Yet, if it comes to the 
implementation of management options they do have limitations. Time, personnel, incen-
tives and capacities for implementation are frequently limiting factors. Therefore it is rec-
ommended to strengthen the collaboration between science and organizations of the de-
velopment cooperation (DC), since the latter often have long term experiences with the 
country system, but can benefit from the scrutiny of scientific analyses for the further de-
velopment process. Thus, a pilot project would be worthwhile, in which research institu-
tions and organization of development cooperation work together from the very begin-
ning, of course with local actors as described in the transdisciplinary approach of this the-
sis. The workloads would vary for the science and the DC during the course of the project 
mirroring a sinusoidal amplitude. The focus at the beginning would be on (transdiscipli-
nary) research components, gradually shifting towards more DC work. In compliance with 
transdisciplinarity and adaptive management, this process has to be cycling. 
11.7 Contributions to the international discussion towards sustainable water man-
agement 
IWRM is a general concept, which needs to be downscaled and adapted to the national, 
regional and local level, so that there is an added value for water resources management 
practitioners. For increasing the practical value of such concepts, it is essential to align 
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them with capacity development on all necessary administrative and capacity levels, as e.g. 
the harmonization of IWRM and CD processes (Leidel et al. 2012, 2014).  
IWRM should be implemented within the existing organizational and institutional frame-
work, but with enhanced cooperation and coordination between the various actors, i.e. that 
institutions have to be changed in such a way that they can extent cooperation. For this, 
clear and binding institutional settings are needed, as well as mechanisms/ instruments to 
govern IWRM, e.g. platforms for intra and inter-sector coordination. Such platforms are 
e.g. inter-ministerial commissions, RBOs, or consultation procedures like round tables. 
River Basin Councils and RBOs are a reasonable option for enhancing cooperation be-
tween existing authorities and resolve disputes between different water uses, yet it should 
be carefully assessed, which further aspects of RBM should be handed over. Experts and 
know-how are available in the line ministries and subordinated regional authorities, and 
there is in general reluctance to give away power. 
Boundary objects that address credibility, salience and legitimacy are means for supporting 
the functioning of cooperation and coordination between actors. Based on that, it seems 
reasonable to establish knowledge management systems, since (I) they facilitate the col-
laboration of different actor groups, (ii) increase capacities and knowledge of actors, (iii) 
increase the transparency and salience of decisions, (iv) potentially improves credibility, and 
(v) information remains available, even if responsibilities within authorities and companies 
change frequently. Such mechanisms are also important for addressing rebound effects, e.g. 
improving the irrigation efficiency upstream could decrease the water availability down-
stream. A coordination platform could attempt to balance upstream downstream issues. 
And it is important to have scientists within such platforms, since they can identify critical 
linkages relevant for rebound effects and the overall systems behavior. For a prioritization 
of measures and policies for addressing adverse effects, a science policy interface is reason-
able. That means that coordination mechanisms are more important in IWRM or the 
NEXUS discussion than integrating more and more issues that makes the process unman-
ageable. Similarly, the systems should not be as big as possible, but as big as necessary. It 
has to be asked, which system is the appropriate system under which conditions. 
Even if coordination and cooperation is essential, it has to be acknowledged that water 
resources management is an inherently political process, as already ascertained by several 
scholars (e.g. Mollinga 2010). Thus, evidence-based decision making is not always the rule, 
but instead most frequently interest-based decision-making. Notwithstanding, it is impor-
tant to convince decision makers that expenses for careful planning are a good investment, 
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because sound integrated planning is essential and always cheaper than poorly designed 
intervention options. 
Transboundary water resources management is complex and already the cooperation 
within one country is difficult e.g. between several provinces within a river basin or various 
involved actors. Thus, cooperation processes should start in the country and then be ex-
tended to adjacent countries within the river basin. Yet, if the incentives for management 
can be increased by integrating riparian states, then transboundary cooperation can be vi-
able from the very beginning. An example could be the willingness of the neighboring 
country to improve water resources management because of water quality issues down-
stream, thus willing to spend efforts and finances for improving the environmental situa-
tion by stronger cooperation, coordination and institutional change in the whole basin. 
However, the question remains, whether the upstream country wants to cooperate, respec-
tively on the economic perspective of how to internalize externalities. E.g. negative exter-
nalities may be internalized through side-payments in bilateral negotiations (Coase theo-
rem). Yet, this is difficult for transboundary issues, since property rights are often not clear, 
information asymmetries and high transaction costs exist and often no enforcing authority 
is available.  
The Ukrainian case study showed that research and academic education is frequently not 
aligned to the (new) needs of administrations, water service providers and other relevant 
organizations. Therefore, strengthening the relationship between universities and research 
institutes, authorities, as well as sector associations is vital for improving the relevancy of 
study courses, as well as for focusing the research on providing assistance or solutions for 
urgent practical problems of the other water sector organizations. The curriculum devel-
opment with actors from various fields, for instance, could contribute to assure the timeli-
ness and adequacy of the content. Within the Ukrainian case study, joint workshops be-
tween the sector association and universities, and having a working group related to im-
proving river basin management where water administration and scientists are participating, 
improved the relationship and can be considered as important steps for developing knowl-
edge networks. Based on the strengthened relationship, the curriculum for the IWRM 
module in Ukraine was developed by the implicit and explicit integration of knowhow 
from water sector actors. Yet, there is a clear need for institutionalized long-term, more 
donor independent networking and knowledge management, since this is more resilient 
than the demonstrated activities that were initiated by IWAS, which have the danger of 
becoming gradually inactive without having a coordination body that continuously facili-
tates and supports networking activities. One possibility could be, as mentioned above, the 
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establishment of a water competence centre with a knowledge management platform for 
connecting actors and for continuous adaptation of strategies and thus needed knowledge 
and resulting research and education activities. 
In summary, it can be concluded that institutional minimum standards for sustainable river 
basin management are (I) the establishment of competent river basin authorities for coor-
dination and supervising tasks or assigning it to one existing authority and clearly defining 
responsibilities of all involved authorities, (ii) administrative arrangements for cooperation 
and coordination of river basin management between the involved authorities and with 
other relevant actors including enforcement options, and (iii) a  coordination mechanism 
like a boundary object for supporting cooperation that comprises analytical, assessment 
and participatory strategies, (iv) a comprehensive river basin management plan within an 
iterative planning cycle based on an integrated analysis of environmental pressures and 
capacity gaps. Other institutional settings and solutions can be discussed and are also de-
pendent on the context and the existing challenges. The Ukrainian case study showed that 
technical cooperation can be a facilitator for political processes and that it is important to 
start with simple objectives, then gradually extent them. This also demonstrates that a 
pragmatic approach to IWRM is necessary. However, a pragmatic approach should not 
mean to “muddle through” the problems, but to combine analytical frameworks with an 
operative methodology that integrates all important actors. That is what can be considered 
as transdisciplinary management: 
Start with a preliminary situation analysis instead of hypotheses. The analysis needs to inte-
grate scientific issues as well as local context specific issues, thus the integration of all rele-
vant stakeholders is needed. It has to be assessed how the context really works, i.e. existing 
institutions and practices need to be understood. The Ukrainian case study showed that we 
have to look beyond the formal institutions “on paper” to the institutions that work in 
practice. Hence, trust is needed for governance and capacity analyses, and thus time is a 
major limiting factor. It was observed that scientists are accepted as facilitators for the po-
litical process (honest broker). The analysis leads to the identification of the dimensions/ 
scales and levels of the problem (spatial, temporal, jurisdictional, etc.) and the identification 
of the relevant systems (compartments and its interactions, borders, etc.), which usually 
constitutes also the frame for the solutions. The systems analysis leads to the description of 
impacts and the interdependencies of the impacts, e.g. between environmental pressures 
and capacity deficits. This has to be made transparent and has to be processed for the un-
derstanding of all actors. Management options have to be developed and discussed and its 
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feasibility has to be assessed, in terms of political, institutional, economic, environmental, 
social and cultural feasibility. Yet, it clearly has to be mentioned that this is not a rational 
planning approach, i.e. first designing the process and the outcomes than implementing it, 
but instead, it is a combination of rational planning and incrementalism. 
No matter how the concept is named, it is essential to get things done: diagnosis and plan-
ning, then remedy and overall evaluation. IWRM is a reasonable paradigm that is already 
fairly wide distributed around the world and therefore should remain as overarching con-
cept for the transdisciplinary management of integrated water systems. 
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